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CHAP. VII. 
Oe ALGEBRA. 

SECT. I. 

OP NOTATION. 



Definilions, 

I. Alcbbra is the art of refolving difficult queftiotii 
more readily than by the nilesof common arithmeiic. 

In algebra, the value of quantities h exprefled by fome 
letters ef the alpiiabet, which have fomeiimcs figures, and 
certain charafters added to them, whereby their value b 
incrcafed, or diminirhcd ; and each Iciier may reprefcnt any 
quantity at pleafure. But, generally, the firft letters in the 
alphabet, o, i, c, d, Sec are ufed to (ignify quantities, the 
ralue whereof is known ; and the latter letters, as ^ x,j, a, 
&c. are ufcd for quantities which are unkoown : the letters 
are then managed according to the rules of art. 

a. The fign + figniiies ai/i/WeB, and in algebra it b called 
flai ; it denotes that the charaAers or leriefs placed on each 
fide of it arc to be added together, thus, a+i Tignifies thac 
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1 OF ALGEBRA. 

the quanthy exprelTed by a is to be added to that reprercnted 
by b. Thus, \S a ftand for 3, an<I ifor6; then a+l> will 
be equal to 9. 

3. Tbefign— dgai&e^ fuLtiaSiiM ; and fliowj that the 
quantily following it is to be Aibtra^ted from the quantity 
preceding it : thus, a — 1> (jgtiifics thai the quantity repre- 
fcnted by 6 ra to be fubtraificd from that reprefented by a ; 
as, if a was 8, and & uas 3, ihen a — ^. would be equal to 
S ; this, fign is called mlimi. 

4. The figii + reprefcnting addition, h called a^^iiv, 
or an affirmance Cgii. The (ign — , fignifyiog fubtraflion, 
is called a afgatkv lign, 

J. Like Agns are when feveni quantities have all the (ign 
+ or — J and unlike figns are quantities where fome have 
the (ign +, and others the fign — .' 

6. The fign = denotes rfualiff, and is placed between 
two qusntities, to (liow they are equal : thus, a^6 Signifies 
that a and i are equal to each Other. 

7. The lign X ftaiidi iotmnliifilicoikii, and signifies that 
the quantities placed on each fide are to be multiplied toge- 
ther : thus, a X i IJgnifies [lie quaiitiiy a is to be multiplied by 
the quantity b; as, if rt be equal to 5, and h equal 10 6, 
they will, with the produft, ftand thus axi=jo, which 
(Ignities that a multiplied by i i^ equal to 30. But the pro- 
Uufl of two or more Ciiiple quantities U generally fignilied 
by merely JMning the lelters. Thus, the product of the 
above quantity is exprelTed a i, and if there be three or more 
quantiries to be mutiplied together, asax^xc, they will 
he exprelTcd thus, a B c- 

8. The fig[i ^ expreilts Jivijimi : thua, a-^-i fignifies 
thai u is to be divided by b ; but this lign is not much ufed, 
for di*i]jon is generally exprelTed in the manner of a fraflinn ; 
thus, — aad ^ZH, TigniBcs that « is to he divided by i, and 

m—i divided by c+J. 

9. The fign « Cgni5e5 the diffacnec between two quan- 

liiiei : 
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lies: thus, aw A ftaiids for the ditferencs betiveen a and i. 
Thus if a ftand for 9, and A for 4, « -js i reprefents ;. 

10. The fign c~ or 7 are figiis of niajniij, and (liow 
that ibe quantity placed before the lign k greater than that 
which follows it : thus, acb, at ayi, fhows that a is greater 

11. The fign — 3 or Z li|;nifies miiwrilj, >nd {bows that 
the quantity placed before the fign h Icfs than that which 
follows it; thm,a/.6,iir<2C~i, Dgnifies that a is lefs liiaii i. 

11. The fign ^ is the fign of the /qu~re root. It alfo 
exprefles the ciilie root, biquadrate root, &c. by placing 3 
or 4, &c. over it ; thus, v*", or ^a, or 3/^, denote the fqiiare 
root, cube root, and biquadrate root of a refpeiSively. 

13. Javaluiim is the raifrng of a quantity to any power, 
according as ic is joined to the figures 3, 3, 4, &c;. refpec- 
lively. 

14. The fign la Ggnifies moluiion, and denotes that the 
quantit}' to which it k joined is the fquare or cube root, &c. 
u it is joined to the numbers 2, 3, &c. refpeftively. 

The paiutr of a quantity is often cxpreffed in algebra by 
placinga figure o»er the quantity; thus, a', d',andii*, de- 
note the fquare, cube, and biquadrate, of a refpei^ively ; or 
thefecond, third, and fourth power; anil the figures a, 3, 
and 4, placed over a, are called the indices or exponents of a. 

ij. Like ^uaniiiUs arc thofe that conCft of the fame letters, 
as a, 4ia-t-:a, ori — ai + iii, &c. 

t6, Unliic quaaiiiicf ctmdft of different letters i as a, aj, 
Jrr; orsa, cJ^J. 

1 7. Si/npre yuanlilia coiififl of one term only ; as 4^, or 
3-*, or i2(/, &c. 

i3. Cmijmuh J quaiuiiiei condR of feveral terms; asa+<', 
ai—d, &c. 

19. A vinculum is a line drawn over feveral quantities, 
and (hows ibat they are to be taken as a compound quantity ; 
aso+i— <-. 

29. The ntffeient of a quantity is the number prefixed 
4!l 
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to it ; as 6i!; here 6 h tbe coetlicient, and figRifie& that the 
quantity J is multiplied thereby. 

31. A iinomial ijuaitiiy coofftt of two tirms; as i + c. 
A. trinomial gaantity, of three terms; as a + i + f. A y*fl- 
Jrinemial ^aality, of four terms ; •so + i + f + rf. 

3B. A rtjidual qaaniiiy is a binomial, where ooe of the 
lerms is a negative one ; as a — h. 

33. A raliena! ^aantiij has no radical fign, 

34. A furd quaatity is that which has not a proper root; 
as the fquareroot of h {-Jl)^ the biquadrate rool of W 

3j. The fign : :: : (ignifics proportim ; as J : 10 ;: 40 : 80, 
that is, as 5 to 10, Jb is 40 to So. 

26. An tymiisn is the compBrifon of two quantities which 
are equal to one another, having the fign of equality between 
them, as 5, 9 = 6, 8, whkh figmfiesthat J and 9 arc equal to 
6 ami 8, or 14, Of equations there are feveral forts: 

1. A ticpcndant equatim is that which may be deduced from 
fome others, — 3. An independent tquatiim^ that which cannot 
he deduciblc from another.— ^j. Kp«re eqaaiinn, that which 
contains but one power of the unknown quantity. — 4. Ad 
offered equafkn, that which has feveial powers of the un- 
known quantity. 

jixioms. 

J. If equal quantities be added to equal quantities, the 
fums will be equal. And if equal quantities be taken from 
equal quaiiiiiies, the remainders will be equal. 

3. If equal quantities be muhiplled by equal quantities, the 
produfts will be equal. And if equal quantities be divided 
bj- equal quantities, the quotients will be equal. 

3. If equal quantities be raifcd to equal powers, the pro- 
dufts will be equal. 

4, Qijandties equal to any other quantity are equal to one 
another. 

J. The whole is equal to all its parts Uten together, 

SECT. 



OP THE POUR SINGLE KUL£S OF ALGEBKA. 



OF ADDITION. 

RCLE 1. When like quantities having Ulte lignsaretobe 
added together, aJd together the coEHicienis (if there be 
any), and to the fum prefix the ligni and fiibjoin the com-' 
moD quantity. 

2, When the quantities are like, but have unlike lignt, 
take the difference between the fum of the affirmative coef- 
ficients, and [he fum of the negative ones; to which ditfer- 
ence prefix the Jign of the greater fum, and annex ilie 
common quantity. 

]. Cui when the quacitiiies are alt tnilike, they cannot be 
brought iuto one fum, but miift be written down one after 
another, prefixing to each its proper Cgn ; as in the following 
cKsmplcs : 



taai 






—10*';'— 20' 

— T-'^f—T'- 

— 4*';*— ifl^ 
—l\x't— a' 



iOai Sum. i^a'c + liaiSum. 

Where (here is no coefficient prefixed to a quantity, the 
coefficient is i. And when there is no fign prefixed, the 
quantity is affirmative; as in ihe quantities of the tirfl and 
fecond of the foregoing examples. 




Examples of like Quantities, and unlike Signs. 

— jar — ye<i-\-dc + iza-lP- — Jc — 121* 

•^•jac + ^ii — dc + 4a'A' + rtfe+ 6** 

— 6ac — icd-\-de + ja'i' — de — 10** 



Unlike Quanltties, and unlike Signs. 

— arff + 4*y — m'-^-xy 

+ 150— 6fl'+ J'4- ;eJ — id'e+ ^xy — ** — a*+j' 

SUBTRACTION. 

Rule. Place the quantities aiie utidi;r ttie other, and 

change all the figns of the fubtraheiid ; that is, wliere there 

is an affirmative Cgn, place a negative one ; and vice ver/a. 

Then add the quantities together, as in addition. 

Examples. 

From +3a'i' — cd From — ai+fid' — t)cd 

Talie + aH'-^-ed Take +4^*— 2frf+.r* 



Sublraflion, as well a 5 each of the other four rules in alge- 
bra, is proved in the fame manner as in common arithmetic *. 



• The rrafon of ihif lule is evident from hence, that if a decrement 
or a ncgiiivc tjuanclq' be taken away from anafEimative quanlily, the 
lemainiltr will be the fame as if an increment oranafiu-mativequantiiy 
pi equal quantity be aililed (o the otiginil quantity. For eveiy negatiie 
quanrtty always dectcafcs the laloe of any quantity with which il is 
jointil. Thus, if — * be cikcn (mm a — *, thttc will remain a, and if 
4"* bcaddcd 10 J— i, Che fum is likcRifc a, 

MULTI- 
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MULTIPLICATION. 

Rule. Multiply each term of the multiplier into every 

uxm of the multiplicand: that is, the coefitcienis into the 

coefficients, and the letters into the letters; and to each 

I'te&x its Cga ; viz, + to like (igiis, and — to unlike ligns. 

Examples. 
"Muldply ya Multiply ' yP Muhiply — jf".;* 

By ii By jf' By + yc*^ 

Prodiift aifli Produ^ ij^t' Vrod\iSt—3y*d* 



Mult. }a — 3r 
By i2a+4/- 



Muliiply 



+ IaH'—Zlli' + lt'i' 



Pro, +84iia — Bur — lire P.— a^+aV-Ho'i*- 



Ttie foregoing enaniples may be proved by diviljan, as in 

n arithmetic *. 



" Hiisniledrpciids upon ihe fame principle as muliipljcaiioa in cum- 
nion ariihnuiii:- And thai (wo quanlitie; having like %iis, Ihould gtre 
a piodufb wirh (he lign-|-, and Iwo quaniiiits of unlike fipi* the fign 
— , nsaj be proved from tience : viz. i , If an siilnnlliTe quanlitf ba 
mulii plied by an affirmadve quantiiy, the produfl muflorcourlebc an 
afEiRulive quuicily.— 1. If a negaLve quaniiiy be multiplied by an ■£< 
fiimativeone, Ibe ncgilive quanwy maft be laken as oflen u there on 
units hi iIk affirmative one, and the fam of any number Df ncgstife 
Ljuantities will tie negative. And if ah affilmatiieijoinlitybe multiplied 
by 1 negaliTt one, the affiimnliTe quantity muft be fubirafled as often 
as ibere aie uniii iti the negative one ; and the funi of any numbec of 
regaliveswillbfi negative. — i. Again, if a negatiTeqoantity be mutli- 
plied by a negative qtianlily, the multiplicand is to be fubnafied. a* 
often as theie ace units ia the muliipliei : but, to fubirafla negative 
quantity is Ibe fame thing asloadd in equal affirmative one: therefore, 
the pttxluft will be affiimuiie. From bencc ilic scoetal rule, ibal 
like RgDs pit>ducc4', ^^ unlike f^gns — . 

DIVISION. ■ 
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DIViSIOiV. 

Rule. If the quantities be limple, divide the coefficient 
of the dividend, by the coefficient of the divifor, and place 
the anfwer in the qaottetit ; annexing thereto thofe letters in 
the dividend, which are not found in the divifor: obfcrving 
that like fijns produce +, and unlike figns — . 

3. fiiK if the quantities be cnmpuund, divide the firft 
term of the dividend by the firft term of the divifor, and 
place therefukin the quotient. Then multiply the whole 
divifor thtreliy, and fubtrail the produft from the dividend, 
and to the remainder bring down the nt»t term in ihe ciivi- 
dend. And repeat the operation as in common arithmetic. 
But the terms in the dividend fliould be ranged in a proper 
order, that is, according to thedimenfions of fome letter ; the 
quantities reprefented by a bring generally pbced firft ; thofe 
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Examples. 






o 


o 






4a— 6 




I 


O 


*)j.^-i.«'- 


-^<.»+io«*-2i'('^-4«+a* 


3"' 




— Jza' 


+ I0aj 


— (2rt» 


+ 4fl* 




+ bab—^b"- 




+ 6a*— ai" 




o 



OF ALGEBBA. 

When ihe divifor wiil not exafliy divide the dividend, as 
Js often ihe cafe, the dividend it to be placed over the divi- 
for, and a line drawn between them, like a fraftion, throwing 
out fuch letters 3; are found in both the divifor and dividend. 
Thui, If aS + c' was to be divided by ai — r*, il would ftand 

thus, " — ^ = —5. When the power of a quantity is (o 

be Jiviat-d by any other power of the fame quantity, it is 
done by fubiracling the exponent of the (livifor, from thuaf 
tlie dividend : 

Thiit, 5-' = i*\ 



SECT. III. 



I 



OP FHACTIOKAI. aUANTITIES. 

BzpoiB the ftiident proceed to eqnations it is neccflarj 
that he know how to manage fradional quantities; aiid 
to raife a quantity to any given power; and, on the con- 
trary, 10 extn& the joot of any quantity ; to manage furil 
quantities, Sec. 

Tlic rules for managing Algebraic FraftiotK are exai-IIy the 
fame as thofc for Vulgar Fraftioiis in arithmetic, and there- 
fore neeit not be repeated ; as few pcrfons would anempl 
Algebra, till they were fufficiei • Ikilled io tommun arith- 
■letic. An example or two may, however, be of fervice. 



* To prove ihe rralbnof this lule, that liiic Ggntgive + , uid uBlite 
ignt , it is only ncCcfCtry lba( the diviror be malliplicd by Ihe quo- 
:icDt, and theprodiifl will bcetgu^ lotiie diiiuciid. 

vol. II. c ExAMrLE 



OF AL6&BRA. 



Examfle I. Reduce the mixed quantity a 



quantity. Here dividing iii—b'' by J, the quantity will be 
I, and the remainder — 1>\ and therefore the mixed quantily 

will be i — ~r-r-v 



tion! of the fame value, having a common denominator. 



Involution I or, to find any given Powe^ of any giveri 
Quantiti/. 

Rule. Muiriply the quantity into iifdf as often at the 
index contains units, except one, and the lafl produ<5t will 
be the required power ; or, which is more convenient, myl- 
liply the index of the quantity by the index of the power. 

Thus, let il be required to raife the quantities i+c aud 
i—c to the tlurd pgwer, or the cube. 

i +c Root 

^' ■+2ic+t^= Square 




I 



i'- 








-2i^ + c'= 


Square 










— !■' 


4'- 


-tiV+jif* 


-<r3 C 



Tbefe quantities are raifed to the third power only ; but by 
the lame method of proceeding, quantities may be raifed to 
any higher power. 

If a trinomial, or quadrliioimal, tic. be required to be 
raifed to any power, it will be beft done by taking the firlt 
or the iaft term of the quantity, and for all the other terms 
fnbflitute any fingle term. Thcfe two terms being raifed 
to the required power, the anfwer will be obtained by repla- 
cing, inftead of the fubftiiiited tern:, the proper value. 

Thus, if it be required to raife i — t-\-,l^~ef-\-g to the 
fourth power, for the terms b — e-\-d—ef, fubftitute the term 
«, then the quantity will be a +^, which being faifed to the 
fourth power, the quantity a may hi taken away, and the 
proper value placed infiead thereof in the proditA, wtuch 
the learner may prove at his leifure, 

111 involving a f'aftional quantity, both the ntimeratorand 
denominator muft'ie raifed to the required power, by which 
a new fraiSion \vlll be obtained, being the anfwer of the 
queftion* Thu^ the third power — — "-^ 



The Simmlal Thenem, Invented by Sir Ifaac Netoicn, is 
the mojt.elegaat and concife method of railing a quantity to 
*oy PSwcr, and is as follows : let n denote any number at 
^^^ 1 c -i pleafure. 




■ s 



And the aik power of a—i, is exprefTed in the fame 
manner, except that the (igns of every other term will be 
DCgative. 

To tlluIlraK this theorem, tet o+j be involved V> 'the< 
third power. In this cafe, the index is'3, which mult be J 
placed in the theorem inltead of n, then the firft term witl 
be jJ, the fecond term ^a^ — '^=30*^; the third term, 
'Jl^aJ— >i'=3<7^% the founh termL^'I'ai — J*J=A: 



ire equal to nothing. There- 
irthc third power of o+i, is 



Evolution ; or, 



\ exlraB the Root of a given 
Power. 



the fifth and following Cerms 
^^^^^^ Ibre thefe four terms together, 
^^^^Lm' + iaM + iib'+iK 
^^^^^^|, It may here be obiervcd that the coefficients increafe t31 
^^^^^^■Hbe indices of the two letters a and b become eqnal or 
^^^^^^K«hange values ; then they return or decreafe again in the 
^^^^^^P^':6me order: thus, having the coefiidents of half the terms, 
^^^^^B the refl are known. 



I 



Rule i. If tlic quaniilies be fimpli^ e«raift the root of 
liie coefficient for the new coefScier>t, and divile the index of 
the letters by the index of the power, and ihequytient will 
be the root required. 

Thus, the fquare root of 156* will be s^Ja S^iind the 
cubf root of a7jrs=: j*|x= 3jr. 

KULM 



OP ALGEBRA. 

Rule a. If the quaiiiities be compouud, after ranging 
the lerms according to the dimenfiODS of fome letter, fo that 
the higheft power of that letter may ftand firft in order, and 
the lower powers of the fame letter follow, according to the 
dinieiilions of their power : take the root of the firft term, 
and place it in the qaotteut, and if it be the fquare, or cube 
root, fubtraft the fnuare, or cube thereof, from the firft lerm, 
bring down two, or three of the next terms for a dividend, 
according as the cafe fliall be the fquare, or cube root ; then 
proceed to find the divifor as in extrafting tht fquare, or 
cube root, in common arithmetic. And ifiheroot of a higher 
power be to be ewraifted, it is performed in the fame manner 
as in common arithmetic. 

Example!. 
ExAHPiB ». What is the fquare root of 

+ io8a'+Si 



EJCAMPiEa. W^lat^slhefquarerootof 9Jc*+r6fl'+4i*— 
^4«*J'+ laiV— i6ii'i'. Anfwet 3,1= — 4fl'+aji'. 
Example j. What is the cube root of 

j3_6.,^+ I1J>- — iy^ {x—ly Roo: 

-^^ ^1 



Surd QuanlH'iti. 



Whenaquat.tity basnota perfeft root, it is called a funl 
^uuuity; and liie root cannot he esprefled any other way, 
th»n by eiiher inferling the qiiAtily with its proper raditai 
figu, or throwing it into an infinite fcties. Thus, the ftjuare 



r 



OP ALGCBRjI. 



Tool of a, can be nprelTed m no other h 
•I; the cube root of i»by ^i» or i^; 



ly than by ^/a, or ^^| 
the cube root of ^H 



Toredace a rational Quantily to the Form of a Surd, 

Rule. Multiply the index of the quantity hy the index of 
■he furd, and over the product place tlie radical fign, and it 
will be the form required. Thus, let 3 be reduced to the 
form of V 5. Htre3'x-, or 3'=9, therefore, ^9 ii the 
furd reqi.iired. 

Again, let a' be reduced to the form of a cube furd of the 
form ot ,y& Herea*x^=fl' and ^u' is the furd quan- 
liiy. 

To reduce Quantities oj different Indices to other 
Quantities equal in Value, and having one given 
Index- 

KuLE. Divide the indices of the quantities by the given 
index, and the quotients will be the new indices of thofe 
quantities. Then over the faid quantities with their new In- 
dices place the given index, and they will be the equivalent 
values required. 

Example. Let 12^, and gj, be reduced to equal quan- 
tities, having the common index |. Here t-^4.=|=, the 
index of the firft quantity, and J-f-|=|=, the index of the 
fccond quantity, therefore, jsi|| and 9^1^, are the quan- 
tities required. 

To reduce a Surd QuanlUij to its mo/ijimpte Terms. 

Rule. Divide the furd by the greatcft power which t; 
contains, and place ihe root of fuch power before the quo- 
tient with the radical fign between them. 
•■■ Thuv 



OP ALGEBltA. 15 

Thus, l=t ^ 32 be reduced 10 itsmoft iimpic terms. Here 
16 is ilie greateft fquare number that will divide 33, H'liich 
being divided by 16, the quotient is 2, therefore, 4 y' a is 
the furd required. 

Again rhe moft fimplc term of ttie furd vBia'iia 



To find iL'helker Surds ore commenfuralle, or not. 

Rule, Reduce [he furdi to the lead common index; and 
;he quantities, if fmftions to a common denominatcr, except 
when liketermsarecommenfurable; then divide them by the 
greateft common diuifor, or by fuchadiviforaswillgive oae 
rational qnoliEnC, and if both the quotients are ratjoiul, the 
furdsare commeiifurable; otherwife, nut. 

Example. Let ^37 and ^/is be given Co finJ whether 
they are comtnenfur^ble ; thefe two furds have already on« 
common indcK, and are equal (o ^''3 *''9' ^""^ ^■'3^4^ i^* 
fpeflively. Therefore, divide 17 and 12 by 3, and the quo- 
tients are ^9 and ^4, that is, 3 and a ; therefore, they arc 
(ommenfurable. 



To add, orfullraQ Surd Quantities. 

Rule. If the quantities havevnjike indlcej, reducetliem 
to quantities with like indices ; and fraflional quantities muft 
b* reduced to a common denominator, or to other fraftiotn 
that have rational denominators or numeraiora ; ilwn reduce 
the quantities to their fimpieft terms, and if the furd part be 
the fame in all, annex it to the fiim or diffemice with (he 
tign X ; but if the furd part is not ^!.= Gn'C In all, the quan- 
tities mutt be added or fjbtraflcd by joining ihem together 
vith liiafign -J- or—. 

EXAMPLB 



or ALGEBRA. 



Example I. Let a/32 ^jabe added ii-.-eihcr. Hen^/^z 
=\/ i()Xi=4^2; and y'7^=;y/36x 3 = 6^/2, and tlicfum 

Example 2. I « V4*i and if"^ ^^ a dded t ogether. 
Here :y4«=V^'''=2 «'.''. And4/a» = S'^* x<.'=^#«'. 



1 



Therefore, their fum =/i + ax 4i'.j'=o-rii x v/a. If it were 
required to have fnbcrafted V+o from i/a', the remaiD- 
der would have been U—..X >/a. Alfo if ^o' — ■J"^-¥-/7 
be added 10 3^0*+ ,/u — ^3, the fum will be 3^"' — 

To midtiplj/ and divide Siirds, 

Rule. Reduce ihe furds ro ihe fame index ; and the pro- 
duct or quotient of the rational quantilics being aiuiexed tq 
the produA or qtioiienc of tbe fuids, wilt give ilie produA or 
quotient required, 

ExAHFLE 1. Multiply 2 ^a by 3 V), ihefe furds have the 
fame index already, therefore, 7x3 X v' » x 3=6i.'6, thus, 
6y('6 is the product required. 

Example 2. Multiply a^ by ij, Here «^=a*}-,'-j, and , 
i|=i'l/.-, therefore, their prntiuci is a'i'ly'j. j,' 

Example 3, Lei jJ be divided by i|+)|, this is the 1 

fame as if the dividend «§ wasmuitijilied bv j^+,i; there- 

'• — li 

fore, the quotient -r~_ — • 

Involution or Evolution of Sard Quantities. 
Rdli. If the furd be a fimple quantity, multiply tlie 
dex of the quantity by the index of the pf.wer, to which the 
fiird is to be involved ; or by the fraftion, exprclTing the root 
to which it is to be evolved ; and if there is a rational part, 
iti proper power or root is lo be prefixed thereto. 

ConijTOund 
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Compound Airds are involved and exCraded as integers or 
rational quantities, having regard to the operation of Gmple 
furds. 

Example i. What is the fquare of .i^j;? Here the 
fquare of a^aa^ a' aad i/x^x; therefore the fquare of 

ExAKFLE. What is the cube of 0^*4? Here the cube 
ofa=a*, and the cube of ^xi=i/x'*, therefore the cube 

Example 3. What is the cube root of a+xll^ Here 



SECT. TV. 



OF EQUATIONS. 



An Equation U the muliial comparing of two equal quaa- 
dries, having ihc fign = between them. Thus, if a be 
equal to }, and i to 6, and i* to 4, and ^ to : ], then, a added 
to i, will be equal to J made Leis by f j and is thus cxprefTed 
in algebra u +6=iii—c. 



To reduce an Equation. 



When a queflion is brought to an Equation, in order to 
lindtrftand the value tliereof, the quantity or quantities 
fought niiift be placed on one lide of the equation, and iha, 
known quanlitirs on the odier Ude. For this purpofe, the I 
following rules mufl be attended to : — 

Firft. When any quantity is exprefTed on both fides of t) 
equation, it may be entirely rrjeflcd, or thrown out of both.fl 
Thus, if}ii+yx=4r — 26 + yx. Here ;jrfliould be rcjeftedj 
from both fides of the equation, then it will fland tltu%'l 

Second. When known and unknown quantities are both o 
the lame fide of the equation, the known quantities lYiufl b 
brought to one liiie of the equation, and the unknown quan-B 
titles to the oiher fide, and thofe quantities fo tranfpofet] 
mull have their figiis changed. That is, tlinfe which liav&B 
the figti +, mutl, after thty are cranfpofed to ihe orher fidc^l 
have the fign — . And thofe which have the — , mu(l„fl 
after tranfpolition, have the +. Thus, if iq+^=x — J f 1 
here if jt be the quantity fought, — j muft be tranfjxifed «" 
the other fide of the equation with the fign + ; it will then^ 
fland thus, + 5 + io + s=,v; therefore j:=20. Agai 
is the value of .c in this equation? 24 — ^a;+io=6o — 12^. 
Here +44 and + lo on [he firft fide of the equation mufl 
be transferred to the other fide, and +12^: on the fccond 
fide of the equation being transferred to the firft fide, 
it will (land thus, — j.i:+ i2j:=6o — 24 — 10. And by fub-l 
trading 4X from i2x, and 34 and 10 from 6a, the equation 
will be &r=i6 : therefore '— 3^. 

Third. 




Third. If there be fraftions in the equation, muUipiy 
both fid« of the equation by the deimminators of the frac- 
tions ; and the proHuft will be tlie true integral quantities. 

E I. Reduce the fraaional equation a+ — =r to 

integral quantitieG. Hece, by mukiplyine tfif wttole \>y X| 
efhall Itive ax+i'=cx. 
, If there be give [ 



Fourth. If in the unknown quantity there be a furd, &11 
the other terms muft be tranCpofed to the toutrary fide, an^ 
each fide of the equation involved according to the index of 
Ihe furd ; and if there be more furds titan «ne, the opera- 
tion muft be as often repeated as there are furd quantities. 
Thus, if '/x^+ax+J=c, by tranfpofing rf, the equation 
wtUbe\/x'+ax=c — J, and by fquaring both ildes, the 
equation isa:'+/M-=r' — ar</+V» thus ihe equator b freed 
from the furd. 

Fifth. When any quantity is multiplied into both fides of 
the equation, or into the higheft nerm of the unknown quan- 
tity, divide the whole equation thereby. Thus, the equa- 
tion 5A»^=.3ir is divided byi, and it becomes 5*"=3f ; again 
if it were divided by 5 it would be ar'= if. 

Sixth. When the Sde of the equation containing the uA- 
known quantity is a pure power, or when being alFefltd it 
has a rational root, extract the root from both lides of the 
equation. Thus in the equation fl*=i*+ojr, the equation 
will be a= -^i'+ax. Again, if x''+^+ijz=2^c be given 
by taking the fquare root we have ^ + ij:+3 = 5r. 

Each or all of the foregoing rules are 10 be ufed as may 
be ncceflary, till the equation be brought to a proper ibrm. 



I 



Examplctf 



or algebka. 



ExampUs) wherein the foregoing Rules appear, 

ExAMFLC I, What is the value ofx, iu tlie equUion 

J0-\-^ — =16. 

13 — X 

By fubtrafting 10 from each fide of the cquaUon, we have 

=6, both fides of which divided by 6, the quotient 

i» ■ ~=i) this multiplied by 11—^, gives 6=11— ar. 

Whence by tranfpnfing x and 6, we have x^i% — 6, or 

ExAHrLE 2. What is the value of x in the equation 
— - ^ax+bK Hcremultiplving by a-^-x, there comes 

out o** + or'=^^T*' X r+7, or a*' + 0.:'= fl'j- + fli" + a JT* + 

i»x, which tranfpofed and ordered according to the foregoing 



To that if «= I, *=i, e= 3, then will *= _*±2= i. 
■ + 4 

Example 3. What is tlic value of * in the equation 
t/a'+x^— ^i* +x*. Both (ides of this equation being 
laifed to the fourth power, we have a*+2a'x'+x*:^i*+x*, 
which by iranfpoiitioD, &c. becomes 2aV=i* — a*, which 
divided by ao*, becomes <'=■■ ~° ..^ therefore *=^^^^^|. 

Example 4. What i? the value of* in the folio wing 
tqnalionj j(=:^c*+*V'^*+«' — f. In thii equation *+r= 
*,/e'+x'^i'+x\ which fquared gives ^^■t-2ex+e'=c'+ 




m ^^ 
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^ *v'?+?, or *'+2M=*v'4"+*'; dividing this by x, jl 


_qMata x+tc=^P+P i thii fquared gives j:^+4f.v+4i== 




i»+«', aud by nanrpofition it becomes 4c*=:i^— 41'; 




and dividing.by ^ wc havex= -I'* . 


1 


To exterminate an vnknmcn Quantity out offtveral 


1 


Equations ; or, /o reduce two or tiwre Equations to 




aji,gl.m,. 




Rule. If the quantity to be exierminated has but one 




dimeiifion in the equation, find the value of it in two equa- 




tions, and put thofe values equal to eaih otiier; or having 




^ found the value in one equation, fubftiiuie it in the room of 




■■ the quantity lu the other equmions. Proceed in the iuae 




^B manner with every unknown quantity, fiut if the quantitir 




K to be exterminated be of feveral dinienfions, find the vajne 




^1 of its highed power in two equations. Then if the coeffi- 




H cienis are not the fame, multiply the lefs qiiamily, fo that it 




may become equal to the greater. Put ihefe valuei equal to 




each other, and there will arife a new equation, with a lefs 




power of the unknown quantities: and the operation mull 




b,e repeated till the quantity be exterminated. 




g Examples. 




H Example i. What is the value of x and_y in thefe two 




^^ equations, 7*— tx=a8and3jr+4j'=i5? By tranrpofing 28 


M 


H in the firft equation, and $/, wehavc 7*— 38=5/, therefore 


■ 


I the va!ueof^is2^=i?. 


■ 


K la ^ 
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In ihc fecond equation by proceeding in the fame ra 
ner, viz. : — By tranfpofing jj-, the vahie of y is found to 

be- ~ ' ; Ihcrefore, thefc tno qu an lilies being put equd 

to each other, we have the equation .'*' 1. _ -I- — 

S + 

thii equation.onlv x is concerned. Muhiply this equation by 
20, which is the produflion of 4 and ; ; or, which is the fame 
thing, multiply the numerators and the denominators crofs- 
ways, and there will arife the equation aSj: — im=17S — 1 S^^i 

which by tranfpofilion becomes 43*^:337, or*=-LZj 

43 
therefore, x=<^; therefore, 9 being fubftituted in eitlier of 
the given equations inftead of :r, the value of_y will be found. 
Thus, in the firft equation if 9 be fubftituted for x, it will 



ri=y. 



bcfij — 5_v=28, which tranfpofcd is _J =)■, 

ExAMPLSZ. Required the value of *,^, and z,ia the three 
following queftions : 
a-+100 = v + zj _y+ too=3* + 2* ; K-f- 100=3*+ 3>>, by 
tranfpoling 100 in the firfl equation, x^y\-z — joo arife, 
which value fubftituted in the other two equations, inftead 
of*, we have the two following :— 

>+IOO (=2)r+lJ! JOO + 2Z)=2)'+4S 2G 

i+ioo (=3>+ja— JO0+ j)') = 6y+3ai — 300, then by 
iranfpofing jp and 42—200, in the firft of ihefe two equatitfls 
we have joo — ifl=y, which fubftituted for the^yin the lafl 
equation, is «+ ioq= jSco — 34a+ 32—300, ihat is s+ 100 
= 1500— 2i«; wherefore 2az= 1400, or =;= liH2=63/T! 
tberefore,jr=3oo—4z=45iV, and *=>+=— ioo=9tt- 
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Of the Nature and Compojilion of Equations^ con- 
taining different Dimenfions of the fame unknown 
Quantity. 

It often happens that the unknown quantit]' will be of 
feveral ditfrrent dimennoiis ; then fuch equation is called m 
(}LiadratIc, a cubic, a biquadratic equation, &c. according as 
the dimenlion of the higheft power is a fquare, cube, or bi- 
quadraCe; In fuch equations we muft difcover the root or 
value of the unknown quantities. 

All equations are- derived (or may be confidered fo) from 
thofe of a more fimple form. Thus, if x — l>=o, which is 
a limpie equation, lie raifed to the fecond f)ower, there arifei 
i' — 2iA-+i^=o, which is called a quadratic equation; if lh« 
former equation be raifed to the third power, we hai-e x^ — 
j^jc' + ji'*— i^=o, which is called a cubic equation, and fa 
on. It ii but felilom that equations occur in ihis regular 
form, for the coefEcieuts of the terms will generally be more 
or lefs than ihofe produced by the involution of one quantity, 
IS X — b, and therefore a quadratic equation is a compound 
one, generally derived from j: — i xx — c. A cubic equation 
IS derived from x — ixx — cXx—d. A biquadratic equation 
from x—i X X — c xx—J X -< — f, or from a quadratic fquared, 
&c. But, the letters i, c, J, Sic. nay have either affirmative 
or negative figns. 

In equations of this nitture, as the whole h equal h> no> 
thing, it is obvious that fome or other of the faftors muft be 
equal to nothing. It is alfa evident that any fuch equadon 
may be divided by its faflors, till there remain only one fac- 
tor ! and as each of the inferior equations obtained by fuch 
divifion muft flill be equal To nothing, it muft follow that 
each of thefefaftnrsthemfc-lvcs are equal to nothing; there- 
fore, i, c, il, e, Sic, exhibit fo niany^rffisrent values of x 
with conttflrj figns ; therefore evel^^^don has as many 
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roots as tliere are dimcnllaiis of ihe unknown quantity in iU 
higheft power. And where i, e, il, e, &c. are found nega- 
dve, .r isalfirmativcj and where any of thefe are affirmative, 
;risncgative. By multiplying the feftors or roots togetheri 
under different figns, it ii obfervatile llian when i, c, d, tec. 
are all negative, or, which is the fame thing, when all the 
values of x are alfirmative, the Hgns in the equation are 4-, 
and — alternately. But when there is x negative rtwl, one 
affirmaiive quantity will follow another ; therefore, there 
will be as many affirmative rooli in the equation as there are 
changes of the (Tgns from + to — , and from — to +, and 
all the reft will be negative. 

What is here delii'ered, concerns only pnffible roots. An 
impoflible root is when 6, c, d, &c. denote the fquare or any 
other even root of a negative quantity; an equation de- 
rived from filch toots is an impoflible or imaginary one : if 
there b? one polfible root, the equation will admit of one pof- 
(ible anfwer. 

In the multiplication of the roots of fuch equations, the 
coefficient of the fecond term is the fum of i\\ the roots with 
contrary fines ; the coefficient in the third term is equal to 
the fum of the reilangles of tliofe roots; or, oFallthepra- 
duftslhat can poflibly arife by combining them two and two; 
the coefficient of the fourth term is equal to the fum of all 
Ihc produfts that can poilibly arife by the combination of 
them three and three, i-c, j and the laft term is always equal 
to the produfl of all the roots with contrary lines. 

The Re/blittion of Quadratic Equations. 
If it be a pure quadratic, as x'=S', or.v* — i'=e, itispro- 
duced from the reftangleof jt — j and j;-h£, and therefore has 
one affirmative, and one negative root, and the affirmaiive 
root is equal in number to the negative. The root in thit 
cafe is found by extrafting the fquare root of the number 
ieiited by i'. Thui, if j;' + = 5 76, then *= + v'i ?6 = + 34. 
AQ 





AH other quadratics are coniprehetided under fame of the 
following forms ; viz.x' + 2l'x=+J=fi or,** — 2bx + iJ=iii 
or, !iix—x^+ri=i>i and this taft forai, by tranfpofition, 
becomes the fame as the fecond form, only the negaiive roots 
are changed into affirmative roots, and ihe affirmative inio 
negative ; therefore we may coiifider the two other forms as 
applicable to all cafes, and in the folutiou of them it will be 
more commodious to tranfpofe </, and then they will (land 
ihus: x'+2bx= + Jandx^^2ix+J. Now if toeachof ihefe 
equations be added i- (ihe fquare of half the coefficient of the 
fecond term) we fliall have in the former cafe x'+i6x+ii^= 
+-/+*', and in the latter cafe j:^ — 2i.v + i'= + (/+^%and by 
extrafling the fquare roots, the equations become x+i= 
V + i/+i'and* — i=V +7+4^ rcfpeaively ; and x in the 



former cafe =^+'i+i'—i,siiii in the latter =^/+i/+i'+i 
which expreliio lis give the affirmative values of *.- but the 
fquare roots of the above equations mayalfobe — x—i=. — ^ 
+7+i>and — x-l-i= — ^/ +./-)- i'refpeftively; and therefore 
in the former cafe x= — ^+,y+i'+*, and in the latter 
=z-~^'T^+i'~i. That is, ifB=V'+'^+*', where./ is 
+ or — , according as it is + or — in the fecond Cde of the 
given equation) then in the firil cafe, wherea''+3^j= +rf 
the values of + j; are jfB+i, where i is — or + according 
as jf is affirmative or negative ; and in the fecond cafe, where 
x^ — 2ix= +(/jthc values of + * are +B+6, where Us + 
or — , asj ii + or — . 

Exampla. 

ExANPtB 1. What arcthe two values of;r in this equation, 
**+6*=i3g;f Herei=3, and 3295= + J, and \' +</+*' 
= V^»J95 + 9=43=g.and +g + ^= + 48+"; =:+4j, and 
— ji for Ihe two values of jt. 

Example 2. What are the two values of * in *'— 11*=: 
—28? Here i^V; »"i ~-3.S=~J, alfo P=3oJ, and 








V; ;t» 



7'«««^r ai3 ^^ 9^^t r^^s^ of aa efuCkn maf be 
>0^«i4^)4r#^ fjj lAC''e»fi»( tbeos tridi a proper qBiadrr. 

To K^omfdde a dtficiemi Eqmaiiom, 

U M.r. 7 v.r<»fe or Anknii dK flOiCf of dK oqmioo. bv 
Um^ '^^^sm ^fUMtMj^ M flicrwo mihthSL nnynpir 

7>/ mykipljf in divide the Booii of taty Equaiitm, h/ a 

given Quantity* 

kttf^ Muki^Jy or divide any new letter by the gnren 
I i//iUr, ai)d ftibAitttte iti pawen in the aqiatiaa for tbe 
(*ifkfK/wrf /)iMntity# 

fviTAHri.ft* IMvidethe roots of threquation;r'—ij:+\/S=:o 
r/y v^ ), litre by putting ;rsjrv^ 3^ and fiibftitutiag itkxx, 
Vftt hive 1;VJ--*/'/3 + V3=<^ wUdi, by dindiog bji, 
Vif J» 5;^'— ^-f f fi?o for tbe eqaatioo roqutred. 

0y thif nikt fraAions and furds may be Uken out of an 
#r/jtiJtion, y\%. by dividing the new letter by the commoa 

denof 
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deooininator j or by multipljing the new letter by ihe furd 
quantity. 



To take away any Term out of an Equation. 
RcLE. Add an unknown quantity to a new letter, and 
rubfiitutethbfum and [lie powers tliereof, for the root in the 
^vcn equation ; then any term, or any of tbofe quantities 
wherein the new letter it of the fame power, being put into 
an equation, and made equal to nothing, will give the value 
of the unknown quantity, which being put into the equation 
with the nrw letter, the power of the new fetter, wtuch was 
equated, will vanilh. 

Suppofe jr* — 3«» + ja» — jjr — 3=0 

Purj>+e=*thenx*=y*+4»V+6)i»**+4)«>-f«4 
— 3*» =— J)f'— qji'*--g)K»— 3<» 

If the fecond term is to be taken away, we ha»e 4>''<— J>' 
r=o; and dividing by_y', 4* — j=o, or, ^=J,whichfuhffituied 
for e, (he fccond term will vanifll. If ihe tliird term 11 to 
be taken away, we have (Sj'i'— 9j*f+3y*=o, and dividing 
by they, we have 6*' — 9^+3=0, from which quadratic 
equation e may be determined. In like manner the fourth 
term may be taken away by fblving the cubic equation ; and 
the fi^b tern) by folving a biquadratic equation. Sec. 

To re/olve or exlraS the Root of a cuUc Bquatioa. 

KuLE. Take the fecond term of the equation away, as 
taught in the laft example ; ihcn the equation will be in iliis 
form, x^+iix=i,Vid the following general expreffion will 
give the value of jr. 
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There are feveral other panicular rules for the folution of ^ 
pj<]uauradc and other higher equations; but the method of 
approiimaiing the roots of equations has fupcrfcded all the 
other methods, on account of its difpatcli. 



To approximate the Roots of Equations, in general, 

Rt'LE. By feveral trials, choofe fome number to reprefent, 
the tiiiknown quantity, and fuch a number that approadieii 
pretty near to the true value. Then affume fome letter, ai 
V, to denote the eifcft or excefs of the number fo found».] 
and put that number + or — v, inflead of the unkiiowii' 
quantity in the equation; by which a new equation wilt 
arife aftefled with voniy,and known quantities ; wherein all 
ihc lermi that contain two or more dimeafions of v may be 
rejefled as ii icon lid era ble in refpeft to the reft. This being 
done, the value of v will be found by a fimple equation, 
which, added to or fublrafied from the faid number, ac- 
cording as it was taken, Too little or too big, will give x 
number ftill nearer the truth. Then with this number and 
the letter v, proceed as before to find another value of «j 
which muA be applied as above: repeat ilie operation till 
the unknown quantity be difcavered to a fufficient degree of 
exaolnefs. 

Example. Let it be required tn find the value of xi 'i 
this equation, *i + a4.r=s878i4. Here by a few trials it 
will be found that JT is fomeihing above Eoj wherefore, let 
Sorfu^i; then,**^5i300o+ i920oov+ i69w+v', and 
34y=i930-f34v, Therefore (rejefling thofeterms affefled 
with 
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withTi" and -u') we h^ve 513910+1935411=567914, and 

* — — =3 . 8 ; Ihis, added 

19324 (9*S4 » 

gives S] . 8 for the spproximate value of x; thb being fub- 

Jiicutetl in the equation, it will be found too great ; therefor^ 

for another operation take 8j.8— *=x,aiid *' = ;884So.47a 

—11067. jaw, 3nd »4jip=2oi 1.2—1411, and coufequently 

590491.673—11091.33^=587914, and «=_iZZ — '—=' 

aiMi tuarly. Hence3-=83.8— o.ia2l.=83.6778.trueto 
five figures, and (he fixth being too much by only two. 

If the operation be repeated, it will give the anfwertrue to 
eleven figures. But when five or fix figures of the root have 
been obtained, and more exaftnefs ii Rill required, it will 
fliorten the work to feek a correflion for 1;, inllead of one 
for the whote root, wtiich may be had by fubiiituting the laft 
value of v+ or — (new) v, inflead of the lall v in the 
equation, including all the powers of the laft v, but rejefl- 
ing thofe of the new * (in the equation, ihencc arifing), as 

Thus, in the laft example, the whole equation, including 
the terms affeflcd with ** and ti*, is 513920 + 19324*+ 
i68ot.'+w*=s879i4, or i9W4w+i68o**+i-3 = j3gg^ 
and in this equation putting 3 . 8 — v, inilead of «, and re- 
jefling the terras of v' andv^ as before; a correflion will be 
obtained for the lait found v, which will give tl»e anfwcr ai 
above. In lilte manner, a fecund or third corrcfiion may 
be found, and the operation carried on 10 any degree of 
eiaftnefs. This rule doubles the number of figures true 
in the root at each operation. If the term wherein ii' is 
found be retained, v wiU be had by folving a quadratic, 
and then treble the number of figures will he had each time ; 
therefore, if the firfl figure only be laken true, nine or ten 
£gures will be had at two operations. This rule afibrdi 
▼aiious theoremt for folving paiticulwr cquadcni ai well ai 
general 
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gcnentl ferrmilss ulapted to all) <rf whkh I floall give two 
examples : 

Example I. x'+6x=:6i^f=e. Here, br trial, it will 
be found that ^h tboTCSOO; tliercfafv, let SQO=r, 
— i=r— laooMiJ* — ?■— *r=-io29S. The "lirifion b 4s 
fellows: 

The Opernlion, 

ir+^=4o6 (— 4S=34S=*) 

v=40 \ao«9 j<45=v, and r +1^=200 

40 '"4 
Sr (iicw) +i=486\ 3455 

■'•+H^ ^=49' 

ExAMPte 2. Agmn, for a cilbtc cqiMtkm, I« x<-^A ] 

t,»^( ij'=^+ii™+ii>*, and J*=tJr+ih. Hence r'+^ 



+ 3r'+iir + i/Xv + 3f + ixv»+rfr=f, («i being rejeflw^ ' 
as fmall in cooipuiron of the reft,} and by tnnfpofition 

— , . ■ — — -■ — . , which is wrought after the iame 

3r+afr+rf+3,+i» 
OianQcr as the Lifl example. 

Tojind the Linuh of Etjuations^ 

When an equation contains fcveral unknown quantities, it 
will admit of an infinite number of folutions, when boih frac- 
tional and negative numbers are admitted ; for all of them 
but one may be taken at pleafure, and their value fubfli- 
tuted in the equation, which quantiicy will de determined. 
But rometiiiies both fraAional and ne^tive quantities will be 
excluded from an equation, and Hicb equation will be con- 
fined to a detcnnlnuc number of fobilioiK. I fhaU, there- 
fore, 




When feveral unkntwn Quantit Us are in one Equation ; 
toJiTid the Lilmits. 

RvLE. Tranfpofe all the negative quantities tothccon- 
tnry fide, that alt the terms may be affirmative ; then to 
find ibe limits of any one quantity , (uppofe all the reft to 
vanifli in [he equation, then the value of that one will be- 
come detenninaie, and will be one Umic thereof. And to 
know which Iknit it is, fuppofe <be other quantities to in* 
cmfe, aud become of fome certatti value : then if the value 
of the uaknown quantity under coitfidention, tncrcafe, It h 
the leaft limit ; but if it decrcafe, ic is the gmcell. 

When fraAioiial quantities are to be excluded, inllead of 
luppofing the other quantities to vai lifh, put each of ihcm 
=: I, and an equation will arife, fram which the limits of 
theremaining quantity will be found as before. Proceed in 
the tome ouinncr to Had the limits of the other unknown 
quantitia. 

Example. What are the limits of* aad^, in the equation 
4A + s>=:67? Let^=e or be fuppofod to vanirti, and then 
4j:=67, and j:=i6{. Now let ^ be fuppofed to be equal 
CO Ibme quantity; then it ii evident, that as^ increafes, * 
decreafu, therefore i6^ is the greater limit j wherefore mU 
lefs than i6J. 

If«=otben 5^=67 and _/+ij|. Mow if x be fuppofed 
to increafff, j wilt decrease ; and therefore 1 3^ ii the greater 
limit of ^1 whence/ it lefs than 13^1 and the left limit of 
both X aad / it *, 
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To determine the Limits of three or more unknown 
\ Quantities, when they are tn two Equations. 

!RuLE. Fix upon a quantiiy to be limited, and expunge 
one of the other quantities ; then there will be had one 
lirniting equatioa. Do the fame with another unknown 
(juanlity, and there will be had another limiting equation ; 
■ from each o£ whith equations finti a limit for the quantity 

} Example. What is the limit of ;r in the two following 

¥ equations^ x+ji+a=^% and 3:;r+2q>'+ i6k=ii33. To 

Ierterminatej', multiply the firft cqitaiion by aa, and there 
arifes iox + ^oy + iok= i i so ; fubfraft this from the fecond 
equaiion, and we have i2a- — 42=112; then excluding the 
> fraflions, the kfs limit of j: in this equation is 9^. 

Again, to exterminate a, multi[)[y the firft equation by 16, 
I and fubtraft the produdt from the fecond equaiion, and there 

remains i6.r+4^ = 3j6. And ihe greater limit of a' in tliis 
equation is ao}. Hence x is greater than 9J, and lefs than 
eoj. In the fame manner may^ and » be limited ; and fo. 
alfo in any other equation. 

Of indeterminate Problems. 

Example. What is the leaft integer for the value of *, 

that will alfo caufe the value of the fallowing fraif^ion to be 

ax+i 
an integer? — =— 

Rule. Divide the denominator (r) by the coefficient (a) 
of the indeterminate quantity; then divide the divifor by the 
remainder, and the laft divifor again by tlie laft remainder, 
and continue this operation till an unit only remains. Write 
down all the quotients in i line, as tiiey rife, under the firft 
quotient, 
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quotient write an unit, and under Che fecond quotient wrirc 
the firft quotient ; then multiply tbefe two logetlier : to the 
produft add the firil term of the lower line, or an unit, and 
place the fum under the third term of the upper line; mOl- 
tiply in like manner the ncAt two correfponding terms of the 
two lines together, and add the fecond term of ihe lower 
line to the produ^ ; put down the fum under the fourth term 
of the upper Jiue ; proceed in the fame manner till you have 
multiplied by every number in the upper line. Then mul- 
tiply the laft number, thus found by the abfolute number 
{i), in the numerator of the ^Aion, and divide the produft 
by the denominator; then the remainder will be the true 
value of X required, provided the number of terms in the 
upper line be even, and the (ign of * be negative; or that 
the number be odd, and the fign of i affirmative : but if the 
number of terms be even, and the llgn of i aifinnative, or 
vice ver/a, then the difference between the (aid remainder 
and tbedenominatorof thefmftion willbe iheCnicanlwer. 



Operation. 

The given fraflion f^-?''+'° 
c - 89 

;i)89[i 1.3.1 Total quotients 

i8J7'C3 1.1.4.S 



Here, if the produft ;o be divided hy S9, the remainder 
I) £0=: the leaft value of x. 

In this rule it is always fuppofed, that a U lefs than c ; and 
that they are prime to each other ; for if they wne to admit 
of a common meafure, whereby i is not divifible, no integer 
could be affigned for i-, fo as to give tSenhie ofihcfrailion 

..an intrgn. 

VOI..II. K EXAMrLB 
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ExAMFLB 1. What isthe ieaft value of j: and_y in wholo ' 
imbers, in the equation 24^ — 13^^=16? Here by traoA 
have^=iM±I^; and by 



therefore 



poling I ^, and dividing by 24, 

tranfpofing —137+16, we have y=^^fZlL- 

'i 
the leaft value ufj=S, and the lead value ufx=i. 



Tojind the falue of a FraBlon in an infinite Series. 
Rule. Divide the numerator by the denominator, and 
contiiiue the operation as far as is necclTary. For in nany 
cafes, after the quotient is continued to a few terms, it may . 
be feen how the terms converge, and thus any number <rf j 
lerms may be alligned at pteafure. 

"ExKUTLE I, y/hat is the value of — I — 




If aqitantity, which is not a fraftion, is to bethrowninto ] 
an infinite feries, it muft be brought into a ftaftioa, by ] 
placing one underneath it, as the denominator. 

After a few termf are found in the feries, the law by whicU 
it converges will foon be difcovered, and the terms may be 
continued to any numlier. 

Sometimes the feries cannot eafily he difcovered by reafba ' 
of Ihc coeffieienta ; tlien it will be necei&ry to afliime » J 
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feries with unknown coefficienis lo reprefent ii ; which being 
niiiltiplieiJ or involved as the qiieftion reqiiirei, and the 
quantitict of the fame dimenfioa bdng put equal lo each 
other, new equations will be had, wherein the coefficients 
may be difcovered. 

Example a. Suppofe be the given quantity, and 

the afliimed {eneiheA-i-Bx+Cx^ + I}x^ + Ex*,&c. =-L- 

Multiplyboth by a — ^x, and there arifes i=.4.^+i^-t+dC«;* 
+aDx'+aEx*,iic. And—Ax—Bx-^—Cx*~'Dx*,Sct:.and 
by equating the coefficients of the fame powers of x, aA=^ i, 
oB— ^=o,flC— B=o,afl— f=o, a£— i)=o, &c. Thus, 
in the iirft equation J=—; in ibefecond equation B=~ 

=—; in ibe third C=—=— ; in the fourth D=-=— 

andinthelike manner £=— J therefbre, _-L_broughtto 

a feries, is ' +' +^'+l-'+-^ Uc. 



Some of the Properties of/quare Numbers. 



I. All even fquare numbtrs are divifible by 4 j therefore, 
if a number confifts of two even fquare numbers, ii will be 
divifible by 4. 

a. Any odd fquare number divided by 4 leaves a remainder 
of 1 ; therefore, if a number confiding of two odd fquare 
numbers be divided by 4, there will be a remainder of i. 

J. Therefore, if a number confiding of an odd and an 
even fquare number, be divided by 4, there will be a re- 
mainder of 1. 

. : r % 4. From 
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4. From hence it to!lou's, that if any number compofed of ■ 
two iijuare numbers be divided by 4, it camint leave a 
mainder of 3 ; therefore, a number compofed of two fquare 1 
numbera, canooE M withia this progreflian 3, 7, 11, 15, 
23, &c. 

5. Any nlimbCF ending in 3, 3, 7, orS, is not a fquarcl 
number. 

6. Thefumof any numberof terms of the feries i, j, j, 
7, 9, 1 T, &c. beginning with the firft, is a fquare number, 
wbofe root h equal to tne number of terms. 

7. The difference between any two fquare numbers is I 
equal to iheproiiuiS of the fumand difference of their roots. J 
Thus, if a and 6 be the roots, then a + ixn — i=:o'— 
and the fame is alfu equal to the furn of the two roots, to* 3 
geiher with twice the fum of the roots of all the inten 
diatc fquare numbers. Thus, the difference between 36 anij'l 
9=6+3 + 2 x\^i6 + as=9+:B=37. 

To refolve queftioos of this Dature, the chief point is, 
make fuch aflbmptions for the root of ihe required fquare^ ' 
or cube, as fliatl, when involved, caufe either the given 
number, or the higheft power of the unknown quanlity, to 
vauifli from I lie equation ; whereby at Ifugta there will be 
only one dimenfion ot the unknown quantity, and fo the 
queflion will be folved by reducing the equation. 
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THE BESOLUTION OF SEVERAL ALGEBRAIC PROBLEMS. 

Qp. I. What are ihofe two numbers, the lum whereof is 
io8, and the proportion ofthelefs to the greater is as 5 to 7? 

Let X reprefent tiie greater number, then 108 — x is equal 
to the iels number; and the proportion of the numbers will 
beasfollows: loS — x^x\:^:y, thcfe fi3iir<]uantiries being 
in a direft proportion, the produft of the two means 5* h 
equal to the produiS of the two extremes 756— ?jr, there- 
fore, we have this equation 5*^756 — ^x; and by tranf- 
poflng yx, we have iajt=756. Hence, by dividing 756 by 
13, ;r is found equal to 63, which is the greater number, 
therefore, 108 — 63 = 4;, the Ids number. 

Qu. 2. Bought apples at fix for a penny, and pears at five 
for twopence, The number of apples and pears together 
was 100 i the money given for the whole was si. 2d; how 
many were there of each fort > 

Let a reprefent the number of apples, then, 100 — o will be 
the number of pears: and as 6: 11/. :: a:~=:, price of the 



I 



applet. Alfo, as 5 : arf. : ; I 

.,. a , aoo — 3a 
pears; then — + - 



S 



30— a : =, price of the 

36. This equation multiplied 

by 30, gives ja+iaoo — 120=780. By tranfpofing and 
dividing 711=1200 — 780=410, and by divifioo a=6o, 
the number of apples; and 100 — 60=40, the number of 
pears. 

Qd. J. It b required to divide the number 138 into four 
fuch parts, that if the firfi part be added to 7, the fecoml 
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made lefs by 7, the third multiplied by 7, and the fourth 
divided by 7, the refults may be equal among themrelves. 

Let the four parts into which the number is divided be 
reprefented by tlic letters f, .t, j-, %. Then -.'+7=. 
7^=:^will reprefent the four quantities ; and from th« 1 
equality of the two firft equations we have *=i'+7 + 7J.J 
from the equality of the firft and third equations _>>= L^ 

and from the equality of (he firll and fourth a=v+;x7:= \ 
7*+4g t therefore, by collefting thefe together, there a: 

«+i4-+— 1- + 7*+49='*8. By col Iccii 11 g the terms an4 J 
tranfpofition 9i/+!l±2=65i and multiplying this by 7, 
collefting the terms, iranfpofing and dividing, we havev=;rjl 
And hence ;r=7+ 14=31 ; j(=:—~ = 3, aiid»:J7+7X7 | 
=■£98, the feveral parlR required, 

Qr. 4. There are two cubical pieces of marble, the fide 1 
of one exceeding the fide of the other by three inches, die ' 
folid inches of both are Z457 inches; what is the length of I 
the fide of each piece ? 

Let the fide of each piece be reprefented by x, then the 
fide of the greater will be j+j, and .v'4-,i: + 3* = i4S7 ■ 
inches; therefore, a*' +9J*+a7j:=2+)o; this equation 
folved, givesA-=9, and confequently _;F=.r2, 

Qu. 5. A gentleman left a fom of money 10 be divi 
among three fervants, in fuch proportion, that one half of 
the fiiareof the firll, one third of the fecond fharc, and one 
quarter of (he fliare of the third, fliould be equal to 62/.; ■ 
and one third of the firft, one fourth of the fecond, and one 
fifth of the third, equal to 47/.; and one fourth of the firft, 
one fifth of the fecond, and one fixth of the third, equal to 
38/. ;— what is each fervant's fhare ? ' ' 

Puta=63, i=47, and (^=38, and let tlie three (hares 
required, be denoted b/*,j', and x; then the conditions 

of 
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«f the queftion will (land thus: —+-L+l,=a.^+Ji 
» 3 4 3 4 

+ —=i. --+—+— =f. Thefe cquatioQi brought out 
5 4 S 6 

of fraflions, give 6*+4j'+3ni=i2n . 20jr+ i5;>+iaa= 

6oi . i;*+iaji+ ioa=6oc. Here by fubtrafting thefecond 

equation from four limes thefirfl, in order to exterminate ^, 

there arifes ^x+ji:=^Za^6oi; then, by taking three times 

the third equation from ten times the firfl, we have 15x4- 

4^=120(1 — i8of, which, fubtraifted from four limes the laft 

equatioD,Ieavesj;=7a<i— 240^4-180^=34 ;nhcreforej=4S< 

—6ai — 41=60 and -— "~ '" ^-^ ^ 120. demonftrated 

thus: 

^+— +—=13 + 20+30=62 
* 3 4 

L++^+ 

3 4 

=J+l^+!Z?=6 + .2+30=38 

4 5 6 

Qjj. 6. A grocer bought lao pounds of tea, and as miny 
pounds of coffee 1 he had one pound of coffee more for 30 
fhillings than of tea, and the whole price of the tea exceeded 
ihat of the coffee by 61. ; I demand how many pounds of 
tea he had for ao fliillings, and how many pounds of 
coffee ? 

Let the number of pounds of tea bought for 20 ftiillings 
be reprefcoted by x, then the number of pounds of coffee, 
for 20 (hillings, will be x+ 1, and the whole price of the tea 

will be ii? pounds, and that of the coffee pounds ; 

*• *+i 

thetvfore, — — !^=6; wherefore, tsotr-^izo — laojt 

=:5x»+fcr, therefore *''+»=ao; which refolved gires jf=4 
the pounds of tea for 20 ftiiUings, and *+ii=s the pounds 
of coffee for ao (hillings. 
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Qy. 7. Two travcUers fei out Ou a journey ai the lame 
lime; the one ftts out tram C to go to B, thr other from B 
to go to C ; they both travel unifonnly, andin fucd propor- 
don that he that fct out from B, four hours after meeting 
tlie other, arrlvcf at C, aod the oibcr arrives at B, nina 
hours after meeting. How many hours did each perfon take 
to perforin his journey i 

D 



-1 



i 



III this figure, D is the place of their meeting ; put a= 4, 1 
i=9, and x for the number of, hours which they travel be-j i 
fore they meet. Then the diftances they have travelled, with , I 
the fame uniform pace, will be 10 each other as the times f 
in which ihey are defcribed ; therefore, B D : D C :: t, (the , 
time in which the traveller who fei out from B giies the dif- ( 
lai.te B n,) ; a= the time in whkh he travels from D Id C ; 
* and by the fame manner as B D : D C ;: i, (ihe time the 

other traveller goe? frum D to B,) : x= the time he 
from C to D ( now as ,v is to a in the ratio of B D to D C,' 
and i tax in the fame ratio, it will follow, that as .t- ; » ;i ^ : »> 4 
whence x^=ab and 4r=v'fl*=6, therefore, 0+^^0^=10, 
and i + ^nb=. 1 5, are the two numbers required. 

Qy, 8. The fimot three numbers in geometrical pro- \ 
pordon, and the fum of ihe fqiiiires of three numbers being 
^ven; to find the numbers thcinrdvcs. 

LPut a for the fum cf the three numben, and b for their 
fquarcs, and x, y, and a for the numbers thcmfelvet, theti 
we (hall have;ir+_y+»=fl, and *' +>'+**=* and *«= 
whence, by tranfpoCng y in the firft equation, and 
involving both fides to the fecond power, there arifes ! 
a'+2.w+a'=a' — %«y^f-t from which fubtradin^, the | 
fecond equation, we have sitk— jr'=fl' — 2rtv+y — ^i'huC.^ 
ajtx by tlic third equation b =zji', therefore, ay'— 
^— fl^-^ty+ji*— i, or a*— !gr— i=ao, whence, _yts 




_- — _, Now to fiad jandx, weiimft lookupoii_y asa 

known quantity, and then by the fecond equation we ftalt 
hare j(*+a*:=i— ^, from which fubtraftiiig 2j«=:ay*, we 
have ar' — ;jra + B'=i — 3^, and by taking the root we have 
jc — %='J b — 3y, but by the lirll equation j:+3=o—;y, there- 
fcrc, XA i-ILi li. and 1= — -L — ii iU 



Qy< 9. A farmer fold as manf (heep and oxen as bfought 
him 100/.; for the fheep he received 17 (hiilingg each, and 
for the oxen 7/, each. It is required to know how many he 
fold of each ? 

Let the number of (heepbe x, and that of the oxen y\ 
then we have this equation i;*+ 14.q»=3ooo, and confe- 
quently jr= ''°°°~''*°'' = 1 1 7— 8j>+ il '~ . y which being a 



whole number ■ 



iiaoriEii; 



mufl therefore l>e a 



i-LoIe 



number likewifc ; whence by proceeding as alrove, we have 
7=7, and ;r=6o, and tbU » tbe only anfwer the queilion will 
admit of. 

Qu. 10. What are the dimenGons of a cubical block of mar- 
ble, whofe fide in inches is exprefTed by two digits \ the fu- 
per^cies of the block is equal to 864 timet the fum of the 
laid digits; and its folidity is equal to 576 times the fquare 
of the Turn of the faid digits ? 

Put X for the digit in the place of tejis, and y for the digit 
in the place of units, then ioj+_y is equal to the fide of the 
cube and iox+j.|'x 6=864 x *+^ ; or ioj:+.if= ' 44 >t ' +> 
Alfo, ro.i+^/ ' = S 76 X Jr+jl' per quellion ; and multiplying 
thcfc equations crofs ways, we liave ioi+_i)' x s?^ x.>+y= 
i44Xjr+yx io«+7p. Then dividing both fides by t44.x 



I 
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*+^xio*+_j'/*, we have x-i-jx^—tox+jiftx ^+^J|= 
x+j, and by tranrpoCrion 3^=6*, therefore, y=3*. This ^ 
being fubftituted for j in ihe former equation, we have 
iQx+2x}^=t^xx+2Jt or 144^*:= 144x3*, and dividing 
by 144J; we have *=3 and jr=:2jr=6; therefor^ the (id e 
of the cube is 36. 



CHAP. X. 
OF THE VALUE OF LIVES; 



DOCTRINE OF ANNUITIES. 



THE VALUE OP AN AKNDITT FOB A SINGLE LIFE, 

An Annuity is a fum of money payable yearly, half- 
yearly, or quarterly ; to continue either for life, for a ccrtaia 
number of yean, or for ever. 

When nn annuity remains unpaid after it is duC) it is faid 
to\)e iuarrear. When the purchafer of an annuity docs not , 
immediately enter upon polTcffion, the annuity is faid to be j 
to merfi„. 

TJm 



DOCTRIKB OV AlfNUITIES. 



The intereft upon annuities in arrear may be computed 
ether in the way of Ample or compound intereft. But com- 
pound intereft being found moft equitable, both for buyer 
and fi^IIer, is in mofl general ufe. 

Annuities may be divided into certain and uncertain. 

A certain annuity is that which continues for a certain 
time, or for ever. An uncertain annuity depends upon one 
or more lives. 

Before I proceed to give the doAiine uf contingent bo* 
nuities, it will be necefTary to deliver the rules for calculate 
ing of annuities certain. 



PROBLEM I, 

To find the Amount of an Annuity for a given Term 
of Years, at a given Rale of Inlereji, 

Example. What will an annuity of 50/. amount to, it 
the end of 8 years, at the rate of ^fier cent, prr asaiim, Cmplc 
interefl.' 

In iliis example, the intereft being at J per cent, muldply 
the rate of intereft of 1/. for i year, or .05 by 50 the annimy, 
and the produft by 8, the number of years, and the pio- 
duA hence ariling is 20: the half whereof (10) multiplied 
by the number of years, made lefs by one, (7,) produces 70, 
the fimple intereft; which added to the produdof50, and 
8, (400J gire 470, the amount required. 



PROBLEM ir. 

To find the Amount of an Annuity, at compound 

Interejl. 

RotE. Multiply the amount of i/. for i year, as often 

there are years, except one ; or, which is the 

^•^ihe power whofe index is equal to the num- 

from the refult fubtra^t i ; then divide 

6 3 Uljl 
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iC of an annuity of jo/. far 

, coBifoaad iniertfi f Here 

>5, which multiplied m-ice 

: fubtrafied from this. 



the remainder by the iniereft of \i. for i year, and multiplyl 
the quotient by ihe annuity, and die produ^ will be tlisV 
amount rrqnired. 

ExAMfLE. What iuhe amoi 
3 years, at 5 per cent, per anuu 
th« amount of 1 /. for I year is 1 
intoitfclf, produces 1.157625, 
the remainder is .157615, which dividei! by .05, the qao- 
tient n 3. 1 525 '• ''•'* multiplied by 50, [woduccs 157.625, oj J 
157/. 12J. bd. the anfwer requifcd. 

Note. If the payments are half-yearly or quarterly, I 
amount, and interefl uf 1/, muli bt taktn for a half, orfl 
quarter of a year. And then the double or quactruple of tl 
titiK mud be taken. And the amount of i/, for half a 
at compound intereft is equal to the fquare rt>ot of tfac 
■mount for a year; and the amount for a quarter of a year 
Is eijua! to the fquare root of that for half ayear. 

PROBLEM m. 

A ,fiiid the pre/ent Value q/" an Annuity, having t^ 
Time and Rate. 

Rule. Multiply the amount of ont year as often Into ib^ 
fclf as there are yean, left i; or involve it to the powi 
denoted by the time : by this refult, divide i, and fubtr 
the quotient from I, divide the remainder by the intereft q 
tl. iat a year; then multiply this lafl quotient by the aa. 
nuity, and the produA will be the prefen 

Example. What is the prefent value of an annuityoj 
40/. for 5 years, difcountiiig 5 ptr c 
ittterefi? Here 1.05 involved to the fifth power is i.276a8»J 
By which dividing r, the quotient is .78^53, which fubtra 
cd from 1, leave* ,11647; [liis divided by .o; gives 4.3391 
which multiplied by 40 is 171-376, or 173/. 3/. t^d. 1 
«refenl worth. 

PROBL 



PROBLEM IV. 

Having the prefent JVorth, Rate, and Time, to Jind 
the Annuity. 

Rule. Find the prefent value of i/. annuity at the givea 
rate and time ; and then by the rule of three, fay, as the pre- 
fent worth, thus found, b to i '. annuity, fo is the prefent 
worth given to its annuity; that is, divide the given prefent 
worth by that of il. annuity. 

Example. What annuity will 173/. ^t. -jd. purchaleta 
: 5 years, allowing esmpovnd Intireft at iper cm./uT 



.o;:i:-.i:2o/, 

i.ojx :.o5X i.ojx 1.0; X 1,05=1.2768815635 

1.3762815615)20.00000008(15.6705 

»v67o; 

4.3291; prefent worth of 1/. 
' annuity. 

4.339)173. i7()(4o/.annuity, Ajifwer. 

Annuities for ever, or Freehold EJlates. 

In calculating the value of an annuity forever, common 
called an AnaKity in fee fmplt, three things are to be toi 
fidercd: i. The annuity, or yearly rent. 2. The price, • 
prefent worth. 3. The rate of interctl. 



PROBLEM L 

iitvxng the Rent and Rate of Intere/l, to find the Price 

w Falue. 

RuLB. As the iiitereft of i/. is to il. fo is t!ie rent to the 
{>ri«G M value. 



46 OF THE VALUE OF UVES ; OR, 

Example. What iiiheprefeni wortli of an annuity of 
40/. per annum in /ee iimple, cvmpouail inltrefi 3J fer cent, 
ftrtaai.t As .03; the intereft of 1/. for a year U to i^ 
laU4oAtlie rent of the annuity to 1143.857142 or 1 

i7». ly. 

PROBLEM II. 
» the Price and Rate of Intereji, to Jaid th 
Annuity. 

Son. As 1/. istoitsintere(l,roii[bepr)CGtothe annuit]| 
£zAHFLB. What annuity will 4000A purchafe, at 4J f 
etnt. fer am. compvunJ tntcrcfi f 

As 1/. is to .04;, fo if 4000/. to I So/, the annuity. 

PROBLEM IIL 

Having the Price and Rent of the Annuity, lojindth 
Rate of Inlerejl. 

Rai.E. As the price is to the rent, fo is 1/. to the rate of] 
Interefi, 

Exauple. If anannuity of iSo/. colt 4000/. what is thtr I 
nte of inWreft compound /(» anir. ? 

As 4000:180:! I : .045 or 4^ per cent, rate of intereft. 

PROBLEM IV. 
Mooing the Rate tf Intereft, lo find how many Year$.u 

Puichafe an EJlate is worth. 

Rule, Divide i by the rate of intereft, and the quotient i» 1 
the anfwer. 

Example. How manyyoirs purchafeisan annuity, when ' 
Ux purchafer has a| per cent, for his money ? 

.oiJ5)i,':oo( 40 years purchafe. 

FROBLEMi 



rOCTRTNK OF AMNWTTIES. 



PROBLEM V. 
Having the Numier of Years Pvrckaje, ta find tht 
Rate of Interejl. 

RuLE> Divide I by the number of years piirchafe, aadthe 
quotienc is the rate of intereft. 

Example. What intereft has a purclmfer, who gives 40 
years purchafc for an annuity ? 

4o)i.ooo(,02S intereft required. 

Though Ihc foregoing examples are moftly performed by 
a fingle divifion or muhipllcation, yet they give the anfwers 
at compound iniereft; but in cafes where there is a rever- 
fion, recourfe muft be had lo the tables of aniiuities, on 
compound intereft, as in the following Problems : 

PROBLEM VL 

Having the Sate of Inlerefi, and tkeAnmiily, lofnd 

the prefent Vahte of the Reverfion. 

RoLB. Find the prefent value of the annuity by Pro- 
blem I. theti, by ihe tables, find the prefent value of the an- 
nuity for the years before the reverfion takes place. Subtraft 
this value from the former value, and the remainder is the 
prefent value of the reverfion. 

ExAKPLC. What is the value of an eftate, or an annuity 
of 1 30/. per ana. to continue so years P What is the value 
of the fame, after the expiration of ao years, to continue for 
ever i and what is the value of the whole, at 6 per ctat, 
ttm^uiul iaterefl per tiaa. f 

,06) 1 30.ooo(a ifi6 .6666 Value of the whole. 

1491.0896 Value of the poffeflion. 



.bTt,.e,T]0 Value of the reverfion. 
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TABLE II. 




1 




.„ow.»o 




1 


The Prolalilities from Tea Years OL/arvalian 


OS lie B 




Bills of Mortality in London 




1 






Bv Mk. SIMPSON. 






1 




Age. 


living. 


Decie- 
mtiit of 

Lift:. 


Age. 


Pcribni 
livlns. 


Dccrc- 
Lifc. 


* 


hving. 


Decre- 
ment cC 
Life. 


1 


1 


■? 


looo 


310 


2J 


381 


6 


5+ 


'"35 




f 


»■■,' 


■6Bo 


'33' 


iS 


3'i 




;; 


i»9 






P 


s 


5*7 


•S' 


ag 


308 




56 


laj 






k 


3 


49b 


»7 


30 


301 




ST 


"17 






t 


4 


469 


'7 


3' 


194 




!8 


iia 






P' 


9 


.45* 


1*. 


3» 


,87 




59 


107 






1 


& 


440 


to 


33 


180 




to 
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7 


430 


8 


34 


lU 




61 


97 








« 


4» 


1 


35 




69 


9» 








' 9 


4>S 


3* 


aS9 




i' 


I' 








lO 


410 
405 




11 


»5» 

MS 


8 


<•* 


8a 

77 








IS 


4Q0 




39 


«37 


6 


7» 








'3 


39S 




40 


aa9 


J- 


67 


67 








«+ 


340 




4' 


asi 


9- 


68 


6a 








;i 


385 




49 


»I4 


8 


*9 


58 








380 




43 


ao6 


7 


70 


54 








15 


37 S 




44 


'99 


7 


7" 


SO 








370 




4S 


19a 


7 


7a 


46 








'9 


36s 




4* 


.85 


7 


73 


4» 








ao 


360 




47 


.73 


7 


74 


39 










3SS 




48 


171 


6 


75 


3* 








SI 


350 




49 


'OS 


6 


76 


33 








«J 


34S 




50 


'59 


6 


77 


30 








«4 


339 




S' 


•53 


6 


78 


*7 








»5 


333 


6 


5» 


'47 


6 


79 


«S 








2b 


_3»7_ 


6 


S3 


141 


6 


80 


*3 
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TABLE m. 


■ 


H The Probabilities of Life, calculated from Forty-ftx ^| 


■ Years Obfervation cm the Bills of Mortality at ^M 


w 


Northaviptm; viz. from 1735 to 1780. 


■ 








Decte- 






DCCFC 






Decre- 


^^1 




Age. 


Fcrrant 


mcni of 


Ae=. 


Perfon' 
living 


mem of 


Agt. 


Perron] 


ment of 


^^H 


1 




"'"'■ 


Life. 




Life. 




living. 


Life. 


M 


~7 


11650 


1894 


34 


4085 


75 


"^ 


1312 


80 


■ 


i 


9756 


.106 


35 


4010 


75 




1232 


80 


]*^^H 


■ 




86so 


1367 


36 


393 S 


75 


71 


■■!• 


80 


!^^H 


■ 


a 


7=83 


S02 


37 


3860 


75 




1072 


80 




■ 


3 


6,8, 


33S 


38 


3785 


75 


73 


992 


80 


^H 


■ 


4 


6446 


197 


39 


3710 


M 


74 


9'» 


80 




■ 


S 


6249 


184 


40 


3635 


7S 


832 


80 


i^^H 


■ 


b 


6065 


140 


41 


3559 


77 


76 


7S» 


77 


'j^^H 


■ 


7 


S9*S 




41 


34B1 


78 


77 


67s 


11 




f 


S 


58,5 


80 


43 


3404 


78 


7= 
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f^^l 




9 


S73> 


60 


44 


33»f' 


78 


79 


S34 


65 


^^^1 






S67S 


5* 


45 


3248 


78 


80 
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H 


I^^H 






5613 


SO 


46 


3.70 


78 


81 


406 


60 


'^^1 






S573 


50 


47 


309a 


78 


82 


346 


S7 


I^^H 






iS"3 


SO 


48 


jp\i 


78 


i' 


.89 


55 


t|^^H 






S473 


SO 


49 


^936 


79 
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tiJ 


48 






!4»3 


SO 


SO 


a8;7 


81 


\i 
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S373 


S3 


5« 
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8s 
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34 


^^1 






S320 


S8 


S» 
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82 


87 




28 








526* 


63 


53 


%b\% 


82 


88 


'83 


21 


^H 






S'99 


67 


54 


2530 


82 


8, 


62 


16 


'^^1 






i;e 


71 


55 


2448 


82 


90 


46 


IS 








;s 


56 


.366 


8« 


9' 


34 


10 


^^H 






498 s 


75 


H 


2284 


82 


92 


24 


8 


'^H 






4910 


75 


S8 




82 


93 


16 


7 








483 s 


7S 


59 
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S2 


94 


9 


5 


^^H 






4760 


75 


60 


2038 


82 


9S 


A 


3 








4685 


75 


6t 
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81 


96 






^^H 






4610 


75 


6» 
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81 
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7S 


63 
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8. 
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75 


64 
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7S 


^1 
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3* 
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75 


67 
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TABLE IV. 






1 


The Expe&aiion of Life at every Ag 


e. according to the ^* 




BilU of Mortality for loth London and Northampton. 








Exi^d... 




E»iicaalion. 




Exp, 


lalion. 


M 




Age. 
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Age. 
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No 


.h. 


Age. 
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1 


O 


19.5 


as. 18 


34 
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16 


¥ 


68 
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■7-S 
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35 
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63 


69 


9.6 
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ft 
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l6 


11.6 


*i 


16 


70 
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3 
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37 


at. a 


*A 
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8.9 
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4 
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38 
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^A 


la 


7* 


8.6 
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S 
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40. B4 


39 
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73 
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08 
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ao 


oa 
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TABLE V. 

Showing the Numler of Years PuTchafe an Annuity on a 
Jmgle Life is ivorth according to the Probabilities o^ 
Life, at London and Nurtkampton, from the Age of 
6 lo 75 Years; at 3, 4, and 5 per Cent. 
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DOCTRINE or ANNUITIES. 



THE USE OF THE TABLES. 
Tttlle r. 

Shows the probability of life, according to Dr. Haltey^ 
compuiaUun : the firll column (hows the ages ; the fccond 
column, the number of peiibns living M, thofe ages; and 
the third column, the decrement of life, or the number of 
perfons tiuit died each vctir: thus, oppoliie age i, h laoa 
ID the fecond column, and 145 in llie third column ; which 
fliows, that of 1000 perfons born in the fame year, 145 died 
before the expiration of tlie ypar; and of 8 SSi the remainder 
of the perfons living, 57 died the fecond year, and foon. 

But tiie calculations :<ccording to this table dilfer from 
thofe made from the tables of the probabilities of life in 
London, partly owing to the difTerciit (ituations of thefe two 
places, Brellaw being an inland town not much frequented 
by flrangers or foreigiiera, and London being n mercantile 
port, and crowded with twffickcrs and travellers from all 
pans of the world ; and partly owing to the difFereace of 
climate, difference of food, and different manners of life, 
between the inhabitants of thefeiw* pistes, which is always 
found to occafion a different proportion in the deaths at the 
fame ages. Thefe con fid e]-3 lions induced Mr. Simpf^ni to 
coinpofealable fiFthe prohabilily of life, calculated from the 
bills of tnortality of London, and which table will confe- 
queinly much bctier anfiver ihf purpofe of calculating the 
vsli^e of an annuity for a lire at London, than ihc other table 
of Dr. Halley, Tlii? tabic may be feer page 51. 

It mult. hoH'tvcr, be obferveJ, that Dr. HalK-y's table is 
better sdapted for iheuie of. all Europe in general than any 
bThet pa^ci^lit lablc. 

,"',',', Table III. 

t pcbbibilil 






obfefvMioi 



1 the biUsof morality 



^ 



from tlie year 1735 to [780 iiicliilive. This table is juftly 

reckoned to be die moil correft of any extant, as it is takeo 

I from a large maiiiifafturing town, and which conCfts gene- 

Rnlly of tile fame perfons : and alfo that the table is con- 

WftniAed from a larger niimberof peribiis born than any 

able, being i[65o, which affords an opportunity of obfc 

g the decrement of life to a greater exaftoefs. 



Tahle IV. 

Shows the cxpeiVation df life, 






jr the number of 
wliii.h any perfoo may be fuppofed to have a fair chance of 
k firing, according to an equality of chance at every age, ac- 
[,cordiiig to the bills of mortality for both London and 
■ ■Northampton. Thus, againft age 2 flands 32.5 in the (econd 
ttolumn, under London; and 37.79 in the ihird column, 
*■ Under Northampton ; which fliows, (hat a child of ihc age 
of two years has an equal chance of living 31.5 years, ac- 
cording to the London tables, or 32 years 6 months ; and 
according to the Northampton tables 3 7. 79 years, or j/years 
and upwards of 9 months. 

Talle V. 

Shows the value of an annuity for a fiiigle life, according 
to the probabilities of life atLondon and Northampton, from 
the ageof6 to 75 years inclufi/e, at 3, 4, and j/ier mM. 
Thus, fuppofe, it wcrerequired lofind the number of ycat»J 
purchale which an annuity is wonh to a perfon of theagel 
of 30: here in the fecond column, and oppolite the age 30^! 
Hands 15.0, which ihows that an annuity for a perfon of 30 
years of age in London, and at 3 per cent, is worth i J years 
purchafe j and an annuity for a Northampton iifc, ! 
famerate of interef^, is worth 16.9a years purchafe; and fori 
a London lifb, at 4 ji^ ce>rt. an annuity is worth 1 3. i yeaw I 
purchafe ; and for a Nonhampton life, at the fame rate and J 




is worth 14.78 years pvirchafe: and an annuity at 5 per cent. 
for a London life, is worth 11.6 yeari purthare; and for a 
Northampton life, at the Onie rale of inierefl, 1 j.07 years 
purchafe. This table a!fo fliowS the value of an annuity of 
1/. for a fnigle life, at all the abovc' mentioned rates of inle- 
reil : thus, an annuity of il. per am. for a Gnglc life, at 30 
years of age, according to the London tiblcs, at ; per cent. 
is worth 1 j/. ; and the fame, according to the Nnrthamptoa 
tables, is worth 16/, and upwards of iS/. Sec. 

This table is efleemed the beft of any extant, and prefer- 
able to any other of a dilfercnt form. But thofe who fell 
annuities have generally a table of a years more value than 
[he lives in this table, for purchafcrs wlio are upwards of 
twenty years of age. 

Definilions, 

I, T\it pnbability ^ life is the chance that any peribn Or 
perfoiis have of living to any certain time, and is denoted 
by 3 fra^ion, whofe numerator is the chance of living, and 
denominator that of living and dying. Thus, fuppofe it 
were ri-quired to find the probabiiiiy of a perfon of the age 
of so attaining to the age of 37, according to Mr. Simpfon's 
table. Here it mull be obferved, that of j6o perfons living 
at tlieageof 20, onlyasa furvive to the age of 371 therefore, 
io3 perfons have died between the two ages. Thus, 252 
is the chance of the fa id perfon 's living to iheage of 37, and 
360 the chsnce of the faid perfon's dying before he attains 
the age of 37, and tliq probability of life of that perfon is 
exprelTed by the fraftiofi ?^J or -?^ ; therefore, the odds in 
that perfon's favour, or the chance that he (halt live to that 
age, i» 7 to 3. 

a, The pniahiliijf ^ dying is exprefTed by a fraflior, 
which is the difference between the former fraftion and 
unity. Thu», the probability that the afnrefajd perfon flialt 
die before the age of 37 i» cxprefled.by ||i.or ^^, which 
' nroi» w. I (liows 
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fliotvs that the chance of [hat perfon's dying before the £aid 
age is as 3 to 7. 

3. The extreniiiy if life is the period beyond which there 
ii no p^babiliiy of furviving. In the NorthampToii tables 
this is 96 yean. 

4. The csiHpleinent ef life is the number of years whicb 
any pcrfon's age wanls of the full extremity of lifc; this in 
the Northampton table, for a life aged 80, is 1 7 yesra. 

5. The expeaation of life is tlic number of years due to 
the life of 3 perfoii of a certain age, upon an equality of 
chance. And It is lite number of vears purchafe, which an 
annuity for life is worrh iu ready money, without allowing 
any interell. And in Tingle lives it is always equal to the 
fum of all the probabilities of furviving to the extreniity of 
lifc. 

6. The numier of yeart pMTchafe of annuilies, at any 
of JDiercfl, is that number which, if multiplied by the 
Biiity, is equal to the preleoi value thereof, according to iucfa 
rate of intcreft j therefore, it is the prefeut value of an an* 
nuity of 1/. according 10 a given rate of intcreft, as fecn in 
Table V. 

7. The reverfiim of a life annuity is where two or more 
lives are in joint pofleffion, and the expe£iation depends 
Upon the probabiliiy of one particular life furtiving the reft. 

PROBLEM r. 

To jittd the Value nf an Ainmily for the Life of any 

Per/on, at a given Rale of Interejl. 

Rule. Seek the age of the perfon in the firft column of 
Table V. and againft it, under the proper intcreft, is the 
nuuiberof year* purcbafe for either the London or Nortb- 
avptonlife; or, which is the fame thing, the prcfcnt value 
of an annuity of i/. during fuch Ufe, Multiply this by the 
•nnuit)', atid the produS is the anf» er. ^ 

ExAHPLK, 
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ExMHFLE. Siippofc- the givcH Sfjc be 49, the rate nf 
iiitereft J per cent, and the annuity ao/. Here again 49, anil 
under 3 /ici cent, ftands 1 1 ,6 according to the London bills, 
which, multiplied by 20/. ^ives iji/. for the value of a Lon- 
don life. And in the nest column Hands 12.69, ^^^ value 
according to the Northampton bills, which, multiplied by 
30/. as before, produces 253/. i6j, for the value of a North- 
ampton life. 



SECT. II. 

OF THE VALUE OP AN 4KNDITY DURING JOINT LlVSSr J 

PROBLEM I. 

Tojind the Value of an Aanuity Jot the joint Con- 
tinuance of two Lives J that is, one Life failing, 
the AnnuilJ/ to ceafe. 



CASE I. 



■^'. 



Rule. Find the value of any one of the lives from 
Table V. Multiply this value by the inlercft of 1/, for a yeaf 
at the given ratej fubtraft ibe prodiiii from a, divide the 
aforefaid value by llii! remainder, and ihe qvioiient will be the 
value of i/.annuity, or the number of years purcbsfc. 

£xAMi-LE. What is the value of 100/. ^rinuity, for the 
joint lives of two f>er(ons, aged 40 )rars each, sccording to 
the London tables, reckoning Inttren at 5 ptr ttnt. f Here, 
i ^y the tabic, one life far 40 years is, 
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Multiply by 



■ -»8S 



L 

^ And i.48s)io.3(6-9val"eof 1^' annuity, which multiplied 

^M by lOo is 690/. the value of the annuity fought; 

I 



CASE II. 
JFieii ihe fate Per/»iii are of difereni Agei. 

Rule. Find the valuesaf the two lives in Table V. Mul- 
tiply them one into the other, and call the refulr the firft 
produft; then muhiply the faid firft produfl by the intcrdJ 
of i/. for a vear, at the given rate, calling the refiilt ihe fecond 
produft : add the values of the two lives together, and from 
the fum fubtraft the fecond produfl ; divide the firft prod 
by the remainder, and the quotient will be the value of 
annuity, or the number of years purchafe. 

Example. What is the value of 50/. annuity, for tlie 
joint lives of two perfons, whereof one is 20, and the other 
30 years of age, according to the Northampton tables, iu- 
terell at 4 ^er cent, f 

The value of 20 years is 16.03 

And the value of 30 years is \^.^9, 

Firft produft 336,9134 



1 



Second produft 9.476936 

Sumof the two lives 30,8[00OO 

Remainder 3i.33:<o64 

And 21,333964)336.9934(11.1 valueof i/.annvity. 

50 

■ tt^o Value required. 




PROBLEM III. 



7"o find the Value of an Aanuity daring the Life of 

the longejl Survivor of two Lives ; that is, as loiig 

as either of' the two Parlies live. 

Rule. From the fum of the values of the fingle lives, 
fubtrad the value of the joint lives, and the remainder will 
be the value fought. 

Example. What is tbe value of an annuity of iLto con- 
tinue during the longi'll of two tivej : the one perfou being 
30, and the other 40 vears of age ; intereft at 4 fier ceiit. the 
life of 30 years of age valued according to the London bills, 
and that of 4a years of age according to the Noithan.pion 
^ills } 

By the table, the value of 30 years is 13.1 

The value of 40 years is , . r 5.00 

The value of their Joint lives, by Problem II. 
Cafe 2, is . . . fi.q 

The value fought . . , i ;,+ 

If the annuity be any other than \t, rauUiply the above 
found value, by the ^ven annuity ; and if liie two perfons 
be of equal ages, the value of their joint lives muft be found 
by Cafe I, of Problem IL 

PROBLEM IV. 
Jo find the Value of an Annuily for the joint Conti- 
nuance of three Lives', tliat is, one Life failing, the 
Annuiti/ to ceafe. 

KuLE. Multiply the value of the three fingle lives con- 
tinually into each other, calling [he refult ihe produfl of the 
three lives; multiply that produd by the inicrell of 1/. and 
that produft again bya, calling the refult the duiiblepriKluft; 
then from the fum of the fcveral produ^sof the fatd lives. 
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taken two and "two, Tiibiraift ihe double produfl ; divide the 
product of ihe three lives bv the remainder, and ihe quoticnC 
will btthe valueof the three joint lives. 

ExA MPI.B, What is the value of an atinuity of il. during 
the joint lives of three perfons, whereof A is lo years of 
age, B 20, and C 30, at 4 ^ ecai. according to the LondoK 
tables f , 

Here, by the table, the value of A's life is 16.4, that of 
B's 14.S, and C's ij.i, vrbtch three multiplied together is 
3179.6J; this multiplied by .04, the intereft of il. givci 
137.18528, which, multiplied jgaiii by s, gives 254.370 for 
Ihe double produft. Then 

The produft of A and B is 343.7* 

And the produft of A and C is 214.84 
The produa of B and C is rQ;.88 

Thelum of all taken two and two 051.44 
Double produft to fubtraft 3 ;4. ; 7 

Remainder 347.07 
And 397,07)3179.631(8.007 Valucfought. 

PROBLEM V. 

To find tlie Value of the Annuity foi- ihe longefl Ltfi 

of three or more Perfom. 

Sui.E. Find an age anfwerable to the value of the Icngi 
life of any two lives, which fnbfliliite in lieu of ihc tw 
and [hen liiid the value of the longeft Irfe of that life and t 
other, and that will be the value of the longed life ai 
three lives. Jf there are four or more lives, lubftitute thi 
age correfponding to this value in lieu of the three Hves 
and find the value of the longeft life of this age, and theothci 
remaining age, and it will be the value of the longed of foui 
lives: proceed in the fame manner for five or inore Kv» 
having atgard to the rate of intereft. 

The examples in the foregoing Problems will be fou 
fitflicient to inltruift the learner how to perforin all the 

followin^^ 
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following Problems. I (hall, therefore, give a few Problems 
with their roles, leaving their operation for the exercifs of 
the learner. 



SECT. III. 



THE VALU£ OF CONTINGENT BEM.MNDER9 ABD 
REVERSIONS. 

PROBLEM I. 

To Jtnd the Value of the Ueverfion of an ajjigtifd Life 

after a given Term. 

KuLE. Subtrai^ ihe value of the annuity for the given 
arm of years, firom the value of ibe propofcd life, on the 
eontiiigency of its ceafing, ujioii the extiuflion of the afore- 
£ti(i life, atid the remainder will be the anfuer. 



PROBLEM 
To find the Value of Oie Reverfwn of ait Annuity for 



the Remainder of a given Tern 
uJfignedLfe. 

RUJ,E. 



of Years after an 



From the value of 
vca term of years, fubtraft the 
id term, on the contingency 
(hepropofed iifc; and the 
e reveiCon. 



the vahie of the annuity for the 
of its CEaCng, upon the failing 
remainder will be the value of 



^4 <^ ''^K VALtre or Lives ; om^ 
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PROBLEM IIL 

T^Jmd the Falue of the Reverfian of one Life mfter 

another. 

V r; i.t0 f>ii\An£t the value of the two joint lives from tbe 
t^ifvr oi fKe life tn expc£Ution| and the remainder will be 
ihe ysVvt (A x\^ reverfion. 

P R B L E M IV. 

To fiwl Uic Value of the Reverjion of two Lives qf^er 

one. 

y*vut» SuUra^^ the value of the life in poJeflioa from 
the value oi tiie longed oi the three lives, and the renuunder 
wtjl be the value oi the rcverfion. 

PROBLEM V. 

To find the Value of the Reverjion of one Life after 

two Lives, 

R ULE. U the two lives are joint lives, fubtra(5l the value 
of the three joint lives fn)m the value of the life in expeda- 
tlon, and the remainder will be the anfwer. But if the 
nvcrfion t:jkcs place after the extindion of either life, fub» 
fra A the value of the two lives in poireflion from the value 
of the three lives, and tiie remainder will be the value of the 
rtverfioii. 

PROBLEM VL 

To find the prrfcnt Vahce of any Number of Lives in 

Succe/pon. 

RuLK. Multiply the valiie of e-.sch life by the intereft of 
lA for one year, and fubtra6t each produdt from unity or 
i; multiply all the remainders continually together, and 
filbtraA thii produA froni unity ; then the remainder multi- 
plied 
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plied by the perpetuity *, will be the value of all the fuccef- 
five lives. 

PROBLEM VII. 

A given fiim of money 15 to be received as a legacy on the 
deceafe of D, who is at a given age; what is the value there- 
of in prefenC money ? 

Rule. Subtrafl the value of the life of D from the per- 
petuity } then fay, as the perpetuity is to the remainder, fo Is 
the prupofed fum to the prefeot value. 

PROBLEM VIIL 
Tajind the Value of a Sum of Money (0 he received at 

the Deceafe of B, in cafe A is then deceafed alfo. 

Rule. Subtraft the value of the oldeft life from the valu* 
of an annuity for as many years as are exprefled by the com- 
plement of B's age; then fay, as the complement of the 
younger life is to the remainder, ,fo is the propofed fum ts 
^i prefent value, 

ANNUITIES UPON TONTINES. 

PROBLEM IX. 
To fittd the Value of an Annuity for either Perfon of 
two, who have a joint Annuity, which at the De- 
ceafe of either one, is to hecome tkefole Property of 
the Survivor. 



* The peipetaity, or value of an annuity to conliauc fot eve[, is found 
by dividing 100/. by the raie of inicicft per tent. 01 by dividing i/. bj 
the iQlcrdt or I/, tor t year ; and ttie quotient is the perpeluity, or va- 
lue of in annuity of 1/. to continue for evci. The perpetuity ii alio 
-equal to the number of yeara puichtile, which a peifeiual annuiiy it 
worth, nithout altowiog any inicteft. 

VOL. II. K Ruti. 
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Rule. From the value of the life of citbor of the twm 
perfons, fubtrafl half the value of the two joint lives, anri 
the remaiiicicr will be the value of the ether perfon'i life. 

PROBLEM X. 

What is the prefent value of an annuity to be poflcfled by 
D and his heirs, as foon as any two of the three lives. A, B, 
and C, become extim^ ; D and his hdrs holding the Came 
during the life of the furvivor of the three lives, A, B, C ? 

Rule. Add thrice tlie value of the three joint lives, A, 6, 
Mid C, to the funi of ihe value of the thioc fingle lives, dc- 
dui^ing therefrom twice llie fum of the value of ?ach two 
joint lives ; viz. — of A and B, A and C, and B, C ; and the 
remainder will be &e anfvcer. 



PROBLEM XL ■ 

What is the value of the right of any one of the three M- | 
lowing perfons, viz,— A, B, and C, who enjoy an lutmAty 
equally among them, which, upon the deceafe of any one, 
is to become the property of the two furvivors, during their 
joint lives, and on the deceafe of the next perfon to become 
the property of the lafl furvivor during his life i 

Rule. Subtraft half the fum of the values of the jcnnC 
lives, A and B, and the joint lives «f A and C, Jrom the 
value of the life of A ; then to the remainder add one third 
of the value of the three joint lives, and the fum will be the 
value of the right of A. The value of the right of «iihtr of 
the other parties may be found by a finiilar method. 

PROBLEM Xn. 

What is the value of the two fuccefltve lives, A and B,^ 
having an annuity for life, and to have the nomination - 
fucccflor, who is to hold the annuity for his own life, 
the deceafe of A f 
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RuLR. Multiply the value of (he life of A, by the value 
of the life put in it his deceafej divide the produA by the 
perpetuity, and fubtrift the quotient from the fum of the feid 
valua, and the remainder will tx the anfwer. 



SECT. IV. 



OF ASSURING LIVES. 



flv alTuring a lift, is meant, obtaining fecurity for receiv- 
ing a certain fum of muney, (hould the alTured life fail in 3 
certiin given time: in coofitleratioD of which, a premium is 
given to the affurer, which is a fullicient conipenfation for 
the lofs he is likely lo fuCIain, iii cafe the life flioiild drop. 
This compenfation, called the premium^ is varied according 
to the two following caufcs ; — Firft, The rate of inlcreli at 
which the inoney is fuppofed to be improved ; and, fecond- 
ly, the probability of the durstioH of the life to be alTured. 
If the imereft be high, and the probability of life high alfo, 
tiie value of the aflurance will be low in proportion 1 on the 
contrary, if the iniereft be low, and the probability of life 
aifo low, the value of the alTurancc; will be proportion ably 
high. For example: — Let 100/. be fuppofed 10 be alTured 
on a Ijfe, for 1 year,- thai is, let too/, be payable a year 
hence, provided a pcrfon of a given age dies in ihat time. 
X 2 Now, 
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Now, if the intereft of the money be 5 f^r leni. and the life 
flirt* of failing, the value of the ail u ranee would be the fame 
as the prefent valoe of 100/. payable al one year's end, ret>- 
koning interefi at ; jur emu and would be that fiun, wbicfa 
being put out to interefl now, at 5 per ctnt. would produce 
the 100/. at the en-J of the year, which fum is 95/. +1. 9*/, 

If it be an even chance, or the odds are equal, whetber tbe 
life does or does not ftil in the year, wlilch Is the cafe when 
one half of a given number of lives fail in a given time, tbe 
value of the aflurance will be half as much as the former v»» 
lue, or+7/. i2i.4i-/. 

If ihe odds again ft the perfon's lifc failing are two to on^ 
which is the cafe when one third of a given number of lives 
fail in the time, the value of the aflurance will alfo be one 
third of the m^. value. /i^ (h^ interejl.be tt^ fame), or 
3</. .4^. Mrf. '^ *"■"■" 

If the odds are nineteen to one againft the life ^ilii^ 
wliicli is the cafe when the twentieth part of the lives foil In j 
th« giveniime, the value of the alTurance will be a twentietliJ 
pan of the firft value, or 4/- ^V- -l'^- ' 

If the'odds are forty-nine to one agaJnft the life (ailing, ' 
or when only one out of fifty of fuch lives fails m the given 
time, the afTurance will be only a fiftielh part of the firft va- 



lue 
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Now the odds of iwo to one, according'to Dr. Hal ley "b 
table, are, l!mt a life aged 8; years:will not drop in a year. 
The odds of nineteen to one are^ that a life aged 64 will not 
drop in a yenr. And the odds of forty-nine to one are, tbat 
a life aged 39 will not drop in a year. Therefore, the value 
(jf the alTnranee of loo/. for out year, on a life aged 8;, 



tills wortl is to be nnderftood a eeil»intif, according to the nt- 
18 from lhctibl«. 
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31/. 14J. tii/.i — on a life aged 64, 4/. 151. i|^. ;— on a life 
aged 39, i/. 18/. iJ. at 5 ;wr cati, intereft. But if intereft be 
reckoned at 3 per cent, ihefe three values will be 32/. yt,— 
4/. iji, — i/. 18/. lOi^. refpeflively. 

Tliis calculation fuppofes the vahie of the afTurance to be 
paid in one fingle prefcnt payment. But the value may be 
paid in oniuial payments^ and be continued till the failure of 
tlie life, fliould that happen within the given term; or, if 
not, till the determination of the time. 

The value of an aiTurance upon a life cannot be difcovered 
by any one ignorant of the method of calculating the value 
of life annuities, delivered ia the former part of this chapter. 
But thofe who underitand what has been delivered, may form 
any calculations upon this fubjeft, from the following ex- 

ExAMPLE. Wliat money in hand, and alfo in annual pay- 
ments during life, ought a perfon of a given age to pay for 
a given fura of money, payable at his death to his heir ? 

Rule. Subtraft the value of the given life at the nXcjiet 
cent, as given in Table V- from the perpetuity :, multiply 
the remainder by the produft of the fum to be afliired, and 
the rate of intereft for a year ; divide lliis laft produiS by 
100/. iucreafed by its intereft for a year, and the quotient 
will be the anfwer, or the money which ought to be given in 
a Jingle prefcut payment : and this payment divided by the 
Talue of the life, wU! quote the fum that ought to be paid in 
annual payments during the whole continuance of life. 

CASE I. 

Where tJie Premium is to be paid immediately, in a 

Jingle Payment, 

Question i. What premium ihould be given to fecure 

100/. at the deceafc of a perfon aged 45 years, intereft 3 fti 

•■ tent, r 

Operation. 



OF THE VkT.Vr. or LIVES J OH, 



operation. 

The perpetuity H-iH 

The value of ihe life by 

Tabk V.at 3 prreiiU. 13,J 



f 

Hf Beinainder a 1.03 3 

^ The given fiim muldpUed 

^^^^^^ by its iniereCl 300 

^^^^^K 103)6309.9(61.16116 Anfwcr. \ 

^^^^P Thus it appears that 61.36116, or 61/. ft. i\d. i 

premium which ought to be immediately pkid to fecure lOoA 
on the deceafe of n perfon aged 4; years, at 3 per eau. ptr 
tniiuni, according to the probability of life for London. 



When the Premium is to be paid inficed annual Pay- 
ments, during ike whole Continuance of Life. 



QjjESTioN 2, What money (bould be given in equal 
dual payments, during the life of a perfon aged 45 
to fecure 100/. on the deceafe of the faid perfon ; iittcreft at 
3 per cent, ptr annum f 

In this cafe, the value of the alTljrance in one prefent pay. 
luent is to be found as in the foregoing cafe, which vahM 
divided by the value of the life, quotes the fum to be paid 
nniiually during the iJfc of the perfon: — Thus, 6i.a6 
divided by 12.3, quotes 4.98, or aI. igi. ^li. whkh Is 
fum to be paid annually during life, in order to fecure 
fum of tool, at the extinction of the faid iife. 
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If the foregoing queltione be repeated, reckoning tbe in- 
teftrft at 3 J per (ail. fiti anBum, the preniium will be lefi, 
viz. ia one prefent payment at ^\ per ceia, it will be 
57/, 1 1/, and tbe annual payments ^. 19/. 7^^. 

T^G it appears upon what very eafy tenas 3 brgc fum of 
•MTtey might be lecured at the deceafe of any perfoD, if the 
premium be paid by annual payments. Hente the great ad- 
w«iU3ge of inftitutions for tbe alTurance of live;, provided 
they be }iropcrly conduced, and managed by perfons fuflici- 
cull)' IkiUed in niimben to avoid errors in making their cal- 
culations, which are moli detrimenial to focieties of this na- 
ture, and from which there are hardly any of thefe inftitu- 
tions exempt, 

AITurances of this nature might be extended confiderably 
more than they are at prefentj and rendered not only fub- 
fervient to the parochial poor, but alfo of infinite advantage 
to the nation at large, particularly to the revenue in a finan- 
cial refpeft, were the fubjeft to meet the approbation of the 
legiflature; and perhaps more pecuniary aflillance might be 
derived from eftablifliments of this nature, under proper 
modifications, than from any other mode of funding, and 
creating permanent debts, as 1 (liall prove in another ireatife. 

When an eKaie, or a perpetual aimuily, is to be alTurcd 
for the duraiion of another hfe, after the failure of the 
afflired hfe, inClead of alTuriiig a grofs fum, the value of a 
fingle payment will be the value of the hfc fubtrafled from 
the perpetuity, and the remainder multiplied by the annuity, 
or by the rent of the eftate. And the value in annual pay- 
ments to begin immediately, will be the fingle payment di- 
vided by tbe value of the life, increafed by uidiy. Therefore, 
an affurance of an eftate or annuity, after any given life or 
lives, is Horth as much more than tlie aiTurance of a corre- 
^ofiding fum, as lOo/. hicreafed by its inlereR for a year, is 
greater 




greater than loo/. Thus the prefcnC values, in fingle and 
annual pymcnts, of ihe affurance of an eftate of 5/. per 
awBon for ever, and of 100/. in money, arc to one anotfaer 
3S 105/. is to 100/. The reafon of the difTerence is, th« 
the algebraical calculations, by which ihefe values arc de- 
termined, fuppofe the grofs fum and the firft yearly payment 
of the annuity are to be received at the fame time, after the 
expiration of the life or lives. 

The examples here given will be found fufficiert to in- 
(Iruft any peribn in the method of finding the value of an- 
niiiiics, in all t^afes of reverfions i as alfo in the principles of 
afTurances upon lives. 
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CHAP. xr. 



OF LOGARITHMS. 



SECT. I. 

OF THE dRIGIN AND SATUBE OP LOGARITHMS. 

Logarithms are certain artificial numbers, which are 
thr ratios of other naturat numbers i and are the indices of 
the ratio of number, to one another; or, a ferles of numbers 
in an arithmetical proportion, anfwering to as many others 
in a geometrical proportion, and in fuch a manner, that o in 
the arilhmeticals is the index of i in the geomelricals. Loga- 
rithms were invented for the eafe of arithmetical calculations, 
where the numbers, or operations, are targe. 

The nature of logarithms depends upon thefe axioms: if 
a ferics of quaniities increafe, or decreafe, according to the 
fame ralh, ir is called a gcamcirical ftegrej^on^ as the numbers 
1, 2, 4, 8, 1 5, 31, which are multiplied by 2: if the ferica or 
quantities increafe, or decreafe, according to the &me differ- 
tme, it is called an ariihmeiical progreffiin, as the numbers 3, 
6, 9, 12, i;, 18, &c. which increafe by 3, which is there- 
fore called their common difference. Now, if underneath 
the numbers proceeding in a geometrical progrcflion, be 
placed a»-many other numben, proceeding in an arithmetical 
progrefUon, thefe lalt are called the logarilhois of the firli j 
as in the following i 

Terms - i, 3. 4. S. t6. 31. 64. iiS. 356. 513. 

Logarithms o. i. 2. 3. 4. ;. 6. 7. S. 9. 
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Uef« lilt lime ituKcet, or logantfami, Icrre tor any of iW 
Is maim-wtkltM g«ointtrical ferin, from which it appeu^ 
tk« iIjCm mn bt id eiKllcii variny of fets of togmiAam 
adapted w dw ftme cwnmon aumbrrs, by varying ibe fec < wj 4 
term of ibc gMcnctriul fcnea, a* thi« will chartgc the wie^ 
ml tcnn oi tcmn, wtK>& iixliccsare the numbm i. a. j, 
4rc. And by iourpolalion the <vhol« fyftcm of numbers nnr 
be nude to tnut (he geometric ferict, and receive iheir pn»- 
yrtia— bW logariiluni, whaher they be iDtegere or d«ci> 



Tfac bprilhni of any number it the index of fuch a power 
at feme other nvrriber, u it equal to ihe given one involved 
to the power denoted by the index of the other number. 
ThiH,ifN bcr<]n*lior", then ibe logarithm of N is n, whiclt 
may be either polilive or negative, aiKJ r wiy number wlMit- 
erer, according W the different fyflemt of logarithms. 
When N iione, then nii o, whatever the value of r may be; 
and, conrequently, the logarithm of 1 is always o in every 
fyflem of lognrilhmx. Bu'. in (lie common logarithms, r 1% 
equal 10 10 1 fi) that the common logarithm of any number 
U the index of that power of 10, which is equal to the latd 
uiin»ber ; tbut the common lo^ritbm of JV= to 

inJex 
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or LOOARITHMS. 



in^K of the power of lo. — For example : — looo being the 
third power of lo, has 3 far il; logarilhra : and if ;o be : 
lo''"*'*', ihcn 1.69897 is the commou lo^ichm of JOfl 
from which it will follow, that the following decimal feiin 
of terms will have the following logarithms rcfpeflively; 
TheCiwmt-f 1000, 100, 10, 1, .1, ,OJ, ,eoi 
tolcSehti. \o, ,oi^ It,', 10', i&°, }Cr~' 10— ' lO— * 
Logarithms 3, 2, i, o, — i, — 2, — 3. 

The logarithm of a number, whicii is contained betwe«i 
any two terms of the firft feries, is intluded between the 
two corref^nding terms of tlie latter feries ; therefore, [hat 
logarithm will havt the fame index, whether pnfitive or ne- 
gative, as the fmaller of thefe two terms, together with a de- 
cimal fraAion, which will always be poCtivc. Thus, the 
number jo falling between the numbers 10 and 100, its lo- 
garithm will fall bttween 1 and z, being equal to 1.69S97 
nearly; and the number ,05 falling between .1 and .01, its 
logarithm will fall between — 1 and —1, and is equal to — » 
+ .69S97, the index of the lefs term, together with the de- 
cimal ,69897. The index is fametimes called the charac- 
(eriAic of the togariihms, and is always an integer, either po- 
litive or negative, or elfc o, and (hows what place is occu' 
|»ed by the fiift fignificant figure of the given number, either 
above or below the pbce of units, being in the former cafe 
pofitive, and in the latter negative. 

When the charafleriftic of a logarithm la n^ative, the 
fign — is commonly fei over it 10 dillingtiifl) it from the de- 
cimal part, which being the logarithm found in ihe tables, 
is always pofitive ; thus, the logarithm of .o; or —2 +.69897 
is written thus, i 69897. But wh«i it is required to reduce 
the whole expreflion o a negative form, it is done by making 
the charafleriflic lefs by 1, and taking the arithmetical Ciim- 
plemcnt of the decimal ; thai is, beginning at Ihe left hand, 
fubtraft each figure from o, except the lafl (Iguificant figure, 
whicli is fubtiaAcd from 10; then will the remainder form a 
1. 2 logarithm. 




logarithm, wholly negative : ihii3, the al'orememionrU loga- 
rithm 1,69897, or — 3 + 69897 is expt^fled by — 1.3010;, 
which is all negative. Sometimes it is conveciicnt to expref* 
the logarithm as pofitive, which is done by joining to the 
■ tabular decimal, the complement of the index to 10; tbut, 
the above logarithm is cxprelTed by 8.6989;, which is only 
increadng the indices in the fcale by 10. 

From the foregoing definitions of logarithms, confidemi 
either as the indites of a geometric feries, or as the indices 
of the powers of the fame root, it appears, that numbers may 
be multiplied together by the addition 1^ tlieJr logarithms ; 
and ihey may be divided by the fubtrarfiion of their logarithnis. 
Alfo a number may be raifed to any power by mulriplying 
the logarithm of the root by the index of the power ; and the 
extraflion of roots may be performed by dividing the loga- 
rithm of the given number by the index of the root required 
to be extrafVed. 

Logarithms confidered in their theory, are of very ancient 
origin, and were known to moft of the ancients; but the 
celebrated John Napier, Baron of Merc lii lion, in Scotland, 
was the firfl who applied the ufe of them to Trigonometry j 
but the form of their conilruflion was not made known till 
the opinion of the mathematicians was had concerning them. 
His fon, Robert Napier, in the year i6[9, publiflied a new 
edition of his father's work, with the conftruftion of loga- 
rithms. And in the fame year Mr. John Speldell publifhed 
an Improvement of Napier's Logarithms. 

Other Tables were foon after pubiifbed by John Kepler, 
and fome others ; all which tables were of that kind, called 
Hyperbolical j becaufe the numbers expreflVtl are as betweeii 
the afymptoie and curve of the hyperbola. 

Henry Briggs ProfcfTorot Geometry in Grelham College, 
foon after publiflied the logarithms of the firil one thoufand 
numbers on a new fcale: viz.— In which the logarithm 0/ 
the ratio of 10 to I is 1 ; whereas the logarithms of the. 




ratio in Napier's fyftem is 2.30a 58, &c. Anil in 1624 he 
alfo pubiiflied his jirilknu-iua Logariikmicot containing the 
logarithms of 30,000 natural numbers, to 14 places of 
figures, belides the index, which form was recommended to 
bim by Napier, and which is the form in prefcnl ulc. 
In 1633, he pubiiflied, to 14 places of figure*, his Trigev- 
tattria Bliiannica, which cOQtaiiied the natural and loga- 
riihmic figns, tangents, fecants, &c. 

From the time of Robert Napier, to the prefent period, 
feveral mai hematic Ian t pubiiflied logarithmic tables, with va- 
rious improvements; the principal of which were Gunter, 
Wiiigate, Henrion, Miller, and Norwood, Cavalcrius, Vlacq, 
and Rowe, Froheoius, Newton, Caramuel, Sherwiu, Gar- 
diner, and Dodfon. 

In addition to what has been faid, it may be obferved, 
that the indices or cliaraflerifllc of logarithms corrrfpond to 
the denominative part of the natural number, as the other 
member of the logarithm does the numeraiivc part of the 
number; that is, the index fliows the denomination of, 01 
place of the left-hand figure of the number, and confequentlr 
of all the reft. Thus, o affixed to a logarithm, denotes the 
firft figure of the number 10 which the loijarithm anfwers to 
be nothing diflant from the place of units. The index i 
ihyws the iirfb figure of the number to be diflant i place from 
the place of units; that is, in the place of tens, and confe- 
queoily the number itfelt 10 be either 10, or fome number 
between 10 antf'ioo ; apd the fume may be obferved of all 
the other indices. Therefore, all numbers that have the fame 
denominative, but not the fame ntimemive pans, as all 
numbers from i to 10, fiom 10 to 100, &c. will liavc loga- 
rithms whofe indices are th? fame, but the other members 
different. And again, all fiumbers,' whicli have the fame 
numerative, but not the lanic denominative parts, will have 
different indices; but the reft of the logarithms will be the 
fame. If a number be purely decimal, to its logarithm is »f- 
^xed a ucgatiye index, Ihowing the dtllance of its lirfl figni- 



I 




ficstive G^re from .he plau of units. Tbui the logaritlun 
of thededinai .346 i$ >. 408240; ibai of the drCJoal .oa^6 
is 2.408249. InAcad of ihefc negux'ivt jnAiet%, fome irf4 
their compltments to 10, (k down *rith a point on Cacli fidtt 
thus, ,Q. and .S. tUl is, fuch a figure is mdd« the index, a^ 
when futiifactH from 9, kiv-s a remainder exprefliag Afc 
•vmhrr of cyplitn pre(ix»l to the decimal, as betoK ob> 
fcrved. 
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SECT. 11. 

OP THE ARITHMETIC OF LOGARITRMS. 

Fkom what has been faid, lUe learner may have acquirat 
B eolcral>le idea of the nature of logarithms. The coaflruc* 
lion of t'.ie logarithmic caiioti requires tnore room itun is 
fonfifteni with the prefeni treaiifc. The table of logaritliRu 
it generally printed ia a table confifting of nine cultimas, 
btHdes Ute column of natural number'; nnd that of tbe difr'i 
feterces, except thjt pari of the table which contains the li 
garithtns of numbers from t to loe. 

Tojirtd the Logarithm of a Numher, or the NumU 
correfponding to a given Logarilkm 
If the given number be under 100, the logarithm is fouo4~ 
at Once in ih- table, ftanding oppofite the number ; if the 
^ven nuiiibcr be above 100, and under 1000, its logarithm 
will be found oppofne to it in tile column under 01 if ihf 
number be between looa atid loooo, the firft three figurei J 
of the numbt-r are to be found in the column mariied No^ 
■nd the iourih figure at the top of one of tiie other column^ 
and in the column ur.d^r tlie faid fourth figure, and even with 
the fiffi thiee fi,",itres, will be louud the logarithm rcquircn^ 
changing the indtJ( a into 3. 



a 

1 



OP LOdARtTHMSi 



75 



[ 



If the given niimbtr be greater than any i 
canon, but lefs than looooooo, cut off four figures on the 
left of the given number, and find the logrtriihms thereof as 
before fiirefted ; then mnltiply the common difi'er^-iice »'hich 
ftanJs a^ninft the logariihm in ihe column m.^rked Difrreaee, 
by the remaining figure or figures of the given number, 
and from the product cut off as many figures from the right- 
hand fide as you mnliiplird by, and aiid (he remainder to the 
logarithm of the firft tour figures of the given number, 
filling it with a proper indcit. Thus, if i( a-ere required to 
find the logarithm of the number 9137; : the logarithm of 
the firft four figures gaj? is 3.9^553 1, then 47 multiplied 
by 5=335, therefiTe, cut off 5 and add 23, and the required 
logarithm {propor-ioning its index) is 4-9^5; ?4- 

Tojind the Number correjpoading to any Logarithm. 

Seek the lo^rithm in the raiiile, beginning in Ihe column 
lindPF o (negUiSing the indcxj ; ajid if the logarithm, or (he 
two or three fitfl figures thereof, cannot be found in this £o- 
luinn, fe?Ii ihem in the other columns ; and having fuund il 
«n (he rent lefs Icgaritlim thereto, lineally againft ir in the 
column of numbers arc tlie ibree firft figures of (he number 
fbuglit, to which joining the figure over the column of the 
logarithm, you have the required nuniber; when the num- 
ber confifts of four places of fi,^ures, i, e. when the index oi 
the iogaritbm is 3 ; but when the index n 1, the two lafl 
figures of the number are decimal, ani> only the two firli 
numbers integral : when the index is o, tiie fir^ number out^ 
h an integral, &c. 

Thus, to find ihe number corrtl'po tiding to a lo^rithm i» 
thtr converfe iif finding (he logarithm of a number. 

To vailiiphj or dwide Numhrs ly. Logarithms. 
Rule. To multiply two numberi together, add their two 
- logarithms together, and their fum will be the logarithm of 
the product, adding to the aiBrmative indices what is cafried 
from the decimal parts} and if the indiccj bc.B flt jj 
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wd ikt vOm atpt^tt tbe <fiff<nT!ce is to be ukc« tar ibc 
iatm»^)opgd>nci the produa. 

^Tftl w^un rfil^ Mill berickat, for utuutys toonraf 
I, (» b the adm fador to tbe produd. Tln», ike 
R of die prited n a fourth equi-difincnt term » 
B of i»rr anJ tbdc of tbe faSon ) but tbe !»• 
Mli^ being o, 'be font of the logarithms of tbe 
I be ite lop,mhm of Ibc faftum, or girodud. 
, at lb> ftdon of a fijuare are equal to eadb 
^ dm h, « fijOTTc u tbe factum or produfl of Us rot*. 
I Into fcfrUi ihe logaritlioi of a fquare «m be 
« tbe lo^bbot of the root. 
TbcnfiiM, oaiiy i* to the exponent of the pon-cr, as the 
logsrffbmof a root to ihc logarithm of the power. 

Frwn hmce ft >pp«r> that the logarithm of the cnbc k 
Iflfile the losaritbm of the root ) the lagarithm of the biqaa> 
4fMc, ^BMlnipIc tlut of the root ; ihe lojjarithm of tb« fifth 
power t(uin>uple that of the root; that of the ftxili powtf 
ftntuple, &c. 

To perform divifion by logarithms, fubiraft the logaritfam 
at the divifor from the logarithm of the dividend, and the 
remainder will be the logarithm of the quotient, firft chaa> 
IJog (he (ign of the logarithm of the index of the divifor, aod 
if tbey be of dilferent figns, the difference is to be taken, btit 
if of the fame kind, iheirfum. ' 

For ai the divifor ii to the dividend, fo \t unity to tbe 
i|noticr>t ( thereforP the logarithm of the quotient is a ftnrrtb' 
<(|ui-di(fercni number to ihc logarithms of the divifor, the 
dividend, and ihc logarithm of unity. The logarithm of unity, 
therefore, being o, the difference of the logarithm of the di- 
vifor, and ihjt of ihe dividtnd, is (he logarithm of the quo- 
tier.t. For the difference between 7 and j, or the remainder, 
is 1, which is liie logarithm of the (juotient 4, which quo- 
tient is obtained by dividing 128 by 31. Alfo, fubtraftine 
3 from 8, the remainder 5 is the logarithm of the quotient 
35, v'hich is obtained by dividing 356 by 3, 

Examfre. 
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Examples m Mulllplieation. 
Example i. 



Multiply 68 1.8325C9 



Produfts 816 .a.911690 



Multiply 



EXAMFLB 2. 

f}um. Log, 



0.954*4* 
9 o-9S4«4» 
81 1.908464 



ExAUfLE 3. Multiply 3.902, and 597.16, and .0314728, 
:oDiiniially logetlicr 

Example 4. And alfo muliiply 35.86, and 3.1046, and 
1.8373, and 0.0394, continually logether. 



at™. 


Ug. 


Nuot. 


Ug. 


3.90a 


0.5912873 


35.86 


0.5546103 


S9?- '6 


2. 7760907 


3.. 046 


0.3231696 


.0314718 


2-4979JS3 


0.837a 


1.9228393 
























1.2689564 



In the lad cKampIe the a carried from the decimals cancels 
the a, and there remains i to be fet ilown ; and in the third 
example, the 2 canceU the 2, and the i carried trom the 
decimaU is fei down. 



Examples in D'mJfion. 



A'Hm. L»g. 
Div. 34i('3 — 4-38j'509 
By 4567— 3- 6596310 
Quo. 5. a^oTS*— o. 7a3jr99 

VOL. II. 



Num. Lag. 

Div. 37.149— '■569947" 

By .5»j. ;6— a. 7191313 
Quo. 070917JI — 3.8308148 




In the laA example, the ■ earned from the dedmals ■ 
added to ibe t, wfaich, with its Cgn, duogcd, becomes 3; 
coak<iaeat\y the reouiader, or index of the qiiotieot, is 2. 

Num. tig. I A^usi. Zcg, 

Div. .06314— TBoojo** I Di». .74jl— <• 8714S61 



. •0J141— 3. 8j9;58j I By 

8-;'97»* — o.94ojo6r Quo. 037*4694— T. r59a«9 



In the third example, there is i carried from the 
snd added to the 3, which makes it i; and which taken 
from ihc oiher 3 leaves o. In the fourth example, tht 
taken from tlie i, which leaves a remaimler 2. 

Tojind the Logaritkm of a FmSlion. 
Subtract the logarithm of the numerator tram di^ 
e remainder prefix the nc^live 
required to find the logaiitbv 



oF ilie denominator, and 1 
fign, Thus, fuppofe it 
of ihe frafiion f . 

o. S4509S 

0.477121 



Logarithm of 7. 
Logarithm of 3. 

1. 567977 ^ Logarithm of ^. 



The reafon of this rule is evident : for a fraftion hetng the 
quotient of the numerator divided by the denominator, itv 
logarithm muft be ibe difference of the logarithms of 
two : fo that the numerator being fubtrafled from the dent 
mioator, the difference becomes negative. And the loga- 
rithms of proper (raftions mi;ft always be negative, if th« 
logariibm of unity be o; becaufe a proper fraftion is lc&' 

Or xh£ logarithm of the denominator, though greater 

that of the numerator, may be fubtraSed from that of the 

numerator. 
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numcralor, regard being had to the fign of the intiex, whictk | 
llonc in iWs cafe is negative. Thus, 

0.477121 Logarithm of j, 

o. 845098 Logarithm of 7. 

t. 633093 := Logarithm of ^, 



This produces the fame cfieit in any operation as tbt J 
logarithm before found, viz.— .0,367977, this being to bf 1 
fubtrafted, and the other added. 

Or the fraflion may be reduced fn a dedmal, and !t5 lo. 
garithm found; which logarithm differs from that of a whole 
number only in the index, which is. to be iicgativc. For aa 
improper fraflion, fubtraft ibe logarithm of the denominator 
from that of the numerator, and the remainder is the lop« 
rithm of the fraction, as in the fraction |. 

o. 954242; Logarithm of 9. 
o. 69S97c» Logarithm of j. 

o. 3;{272; = Lo^rithm of f. 

In the fame manner the logarithm of any mixed number 
may be found, by reducing the mixed number into an'im- 
proper fraflion. 

Or laftty, an improper fraflion may be reduced lo a mixed 
number, and its logarithm muH be found as if iti were a 
whole number ; and its index taken accorcUng to tlie integral 
part- 
In addition, fnbtraflion, &c. of logarithms, with negative 
and affirmative indices, tlie fime rules are to be obfervcd as 
thofe giren in algebra, for like and unlike figns. 

In addition of logarithms of this nature, all the ftgiires, 

except the index, are reckoned pulitive ; and, therefore, the 

figure to be carried 10 the index from the other part of the lo- 

. garithms, takesawayfo muchfrom thenegativeindex. Tims, 

iif 1.863316 be added 103.698972, the fum it 1.563398. 

M a And 
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And in fubirafiion, if eiihcr one or both of the logarithms 
negative indices, you muft change the fign of the inde* 
of the fubtrahend, after you have carried lo it what may 
irife from the dedmal part, and then add the indices toge- 
ther; thus, if 1.863316 be fubtraited from 1.562298, the re-' 
inainder will be j. 698972. In multiplication, what is car- 
ried from tlic produfl of the other pans of the logarithms 
muft be fubtrafted from the produft of the indices j thus, if 
a^Hjjii.t be multiplied by 5, the product will be 8.3856os> 
In divilion, if the divifor will exatlly meafure the index, 
proceed as in common arithmetic. Thus, ^.ga^/S* divided 
by a, quotes 2.463391 ; but if the divifor will not exad^ 
meafure the Index, add units to the index till you can exaAty 
divide it, and carry thefe units lo the next firfl numtx 
TJiiis, if 8.385605 be divided by 5, It quotes 2477121, 

Invohilion and Evolution. 

Tnvolntion is performed by multiplying the logarithm of 
the number given by the propofed index of the power; and 
if the index of the logarithm be negative, the prnduft will 
be negative; but what is carried from the decimal part of 
the logariihm will be affirmative; therefore the difference of 
this carried number and the product of ih.c index will be 
the indejr of the produft. 

Example 1. To find the cube or third power of 3.07 
Example 2, To find tlie fourth power of .09163, 



Num. Log. 

Root 3. o7>4i — o. 487J449 



Pow.»8.9757j_ 1.46^0347 



Root .09163— 



Pow. 000070493 8- 5-8481 joS' 



Evolution is performed by dividing the logariihm of die 
power Of glTcn number by its power, and the quotient '^ 



M-07i4«H 
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be the logarithm of the root; 3ti<i when ihe index of 
logarithm is negative, and [he divifor is not cxai^lly ( 
tained in it, without a remainder, increafe the index of the 
logarithm by fuch a number as will make it exa^ly divilible ; 
^nd carry the units borrtwcd, as fo many tens, to the deci- 
mals j then divide tlie refults by the index of (he root. 

Example i. To find the cube root of ia34;. 

Example z. To find the cube root of .ooo4S> 



Hll 



Num. log. 

Pow. I»34J— 3)4.09149" 

Root 3». 11161— 1.3638304 



Num. i-og. 

Pow. ,00048— 3)4.68ii4n 
Root .078*9735 — 1.893747* 



In the laft example, a is to be added to the 4, to make it 
become 6, in which the divifor j is contained z Tiiaes; and 
the z borrowed is carried to the other figure 681, 3tc. 1 and 
the logarithm of the root is a.S^s^;!. 



SECT. m. 

OF THE RULE OP PROPORTION BY LOGARITIIUS. 

To perform ihe Rule of Proportion hy Logarllhms. 

Rule. Add the logarithm of the fecond and third terms 
together, and from the fum fubtraft the logarithm of the 
firft; and the remainder is the logarithm of the fourth 
number. 

ExAMFLB, Find a fourth proportional to the numbers 4, 
68, and 3. 
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3 



1.9 J 3509 
0.477IS1 

3.309630 

0.60 3o6o 



Logariihm of 68. 
Logarithm of 5, 

IiOgarithm of 4. 



1.707570 Logarithm of 51, theaufwer. 



This rule is foundeil on ihe lame reafon as the rule of pro* 

portion in common arithmetic; for adding the logarilhnu 

I ~vf the fecond and third iiuii)bers together, and fubtraftine 

Ac logarithm of the firfi from the fum, is the fame thiog 

iiiiltiplying the fecond and third numbers together, and 

dividmg the produft by the firft. 

Or the operation may be performed by the following rul^ 
TO. A^ainftthe 6rft lertn write the arithmetical complement 
of its logarithm, and againft the fecond and third termt 
write the logarithms themfelves; and die fum of thefe lhn« 
logarithms, abating 10 in the index, will be the logarithm 
of the fourth term ; thus, in refolving the aforefaid quefiioa, 
the operation will Hand thu^: 

9.397940 Arithmetical complement of log. of 4. 

1.833509 Logarithm of 68. 

0.477131 Logarithm of 3, 

-1.707570 Logarithm of 5 1 . Anfwer. 

The refoluiion of problems of this nature is of embt 
fervice in trigonometry, as will be fccn hereafter. 
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CHAP. XII. 
Of trigonometry. 



Definitions, 

I, T^RicotfoiiieTiT is the art of finding all the fide* 

Rnd angles of a triangle, from having any three of ihefc, one 
of which, at leaft, miift be a fide. Or, to fiji J Che ratio of the 
iides, when the angles are given ; and converfely the ratio 
of the angles, when the fides are given. And it is founded 
on the muLunI proportion which fubUCls between the tides 
and angles of iriangles, wtiieh proportions are known by 
finding the relations between (he ndius of the circle and 
certain lines drawn in and about ibc circle, called ciwJi, 
Jinei, tangents, Jtcants, &c. 

For this putpofc, ihe circuraferenee of a circle is dmded 
into 360 pans, called degrees ; and every degree fnbdivided 
into 60 other parts, called minutes, and every minute into 
60 fcconds, and every fecond into 60 ihirrfs, 5:c. ; and any 
angle Is faid to confifl of fo many degrees, minutes, and 
feconds, as are contained in the arc that meafures tlie angle, 
or that is intercepted between the legs or fides of the angle; 
the point of the faid angle being at the centre of the circle, 
a. The 



88 OF TRIGONOMETRV. 

I .1 . — . I. . . — ■ "" < 1.1 

2. The camflimtiti of an arc is the difterence b«weeii the 
arc and a tjiiadrant. 

3. The /Kfpiemtnt of an arc b ihe dilfcrcuce between thi 
arc and a femicircle. 

4. The right /ine of an arc, cdrtirtiooly called the_^wf, is a 
. perpendicular falling from one end of the arc, to the radius^ 

drawji through the uiher end of the fame arc, as D E (fig. i, 
plate 9) is the fine of ihc arc D fi, and it is alwaf 9 equal n> 
half the fubletife of double the arc. Thus, D E is equal to 
half of DO, whichis thefubtcnfeorchoniofthearcDOi 
and the arc D O is double the arc D B. Hence the fign of 
an arc of ;o degrees is equal to one half the radius, bccaUfe 
the chord of 60 degrees is equal to the radius. 

5. The fae cumpUmeai of an arc is that part of the ladiui 
inicrcepied benfeen the «ntre and the right fine, as C E, 
and is alfo the fine of the complement of the arc to a qua- 
draiit ; for C £ ill equ^ to F D, which is the fine of the aie 
DH. 

6. Tlie tiifiHc of ail arc is the lame as the line comptenMut 

7. The vtrfcl Jiae h that part of the radius intercepted 
between the rigtit fine aiid the circumference of the (jrcle, 
aiE13. 

8. The tangent of an arc is a perpendicular drawn from 
the extremity of the radius to the fecant, as B G, which ia 
the tangent of the arc D B. 

9. The ficant of an arc is a line drawn from the centre 
of the circle, through one end of the arc, till it meets the 
tangent ; as C G. 

to. The CBficant and eoiea^ent of an arc is the fecant and 
tangent of that arc, which is the complement of the former 
SIC- And the chord of an arc, and the chord of ils comple- 
ment to a circle, is the fame ; fo likcivife the fine, tangent, 
and fecant of an arc are the fame as the fine, tangent, and 
fecant of its fupplemeiit or complement to a femicircle. 
Thus, the fine E D, tiie tangent B G, and fecant C G, W 

tlM 
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the tiDc, tan^rnt, and fecant of the arc, D A, which is the 
fupplemeni of the former arc D B, 

1 1. The^Bi ttiui is the gre^iteft fine, being the fine of an 
arc of 90 degrees, or one quarter of a circle, and U equal to 
the radius of the circle. 

Thus, the fines always increafe from 6, at which place 
they are iiathing, till they come to the radiu; C H, which 4$ 
ihe greateA, being the fine tonis. From hence they decreafe 
all the way along the fecond quadrant from H to A, and at 
length vanifh at the point A ; whereby we fee that the fine 
of the femicircle B H A, is nothing. After this, the fine* 
are negative, a> ihey proceed along the next femicircle A O 
B, being drawn on the oppolite fide, or downwards, from 
the diameter A B. 

As D E is the cofine of D H : ihc fine, coGne, and radiu* 
of any arc form a right-angled triangle ; as, C D E, or C D F; 
of whi^h, the radius C D is the hypolhenufe: anJ therefore 
the fquare of the radius is equal to the fum of the fquares of 
the fine and cofine of any arc. 

The fines, cofines, tangents, &c. of every degree and mi- 
nute, in a quadrant, are calculated to a radius of i. and 
ranged in tables for ufe. But to fhorten the operation in cal- 
cubtlons in trigonometry, we ufe the logarithms of them, 
in Head of the natural numbers, which are called the artificial 
futes, tangents, SiC, and ihefe numbers fo ranged in tables, 
form the trigonometrical canon ; and contain every fpecies 
of right-angled in'aiigtes; fo that no triangle can be pro- 
pofed, but one fiiiiilar to it can be found there by comparifon 
with which the propofed one may be computed by analogy of 
proportion. Lallly, fometimes t!ie propoiiion is noi cxprefl"- 
ed in numbers : but the feveral fines, tangents, 3cc. are ac- 
tually Uid dcwn upon lines of fcaies ; from whence the line of 
fines, of tan^'enrs, &c. on the plane fcalc, the conflru^on 
snd u.'e of which follow :— 

The Jilane/calt is a mathematical iiifb'ument of mofl ex- 
tenfive ufi;, commonly two feet in length. The lines ufually 

VOL. It. N drawn 



drawn upon it, are tlie following : — i. Unes of equal parti, 
s. Of Chords. — 3, Rhumbs. — 4. Sines. — 5. TangenU. — 
6. Secanis. — 7. Senii-iangents. — 8. Longitude. — And, 9. la- 
titude. (Fig. a.) 

J. The lines of equal parts are of Iwo kinds ; viz.-^licn- 
ply divided, and diagonally divided. The firft of thefe m 
formed by drawing three parallel lines, and dividing them 
into any numbei of equal parts, by (horl lines drawn acrofi 
them ; and iii lii^e manner fubdividing the firA divifion into 
ten other equal fmaller parts, by which numbers or dioicn- 
flons cf trto figures may be taken off". Upon fome rukl 
feveral of thele fcales of equal pans are ranged parallel to 
each other, with figures fet to iheiti, to fiiow into how many 
equal parts they divide the inch; as 30, 2;, 30, &c. ». The 
diagonal divillons are formed by drawing eleven long parallel 
lines, cquidi (la nt from each other, which are divided into equal 
parts, and crofled by other fliort lines, as the former ; then 
the firR of thefc equal parts have the two outermoft of the 
eleven parallel lines divided into ten equal parts, and the 
points of divifion connefled by diagonal lines, as fbown in 
Menfuratioi-, The whole fcale is thus divided into dimcn- 
(jons of three places of figures, 

The other lines upon the fcale are commonly iifed in Tri- 
gonometry, Navigation, Aftronomy, Dialling, 6cc. &c. and 
arc all con Ihu fled from the divifions of a circle, as follows :^ 

2. Defcribe a circle* with any convenient radius, and di- 
vide it in four equal parts, by two diameters, drawn at right 
•ngles to each other, (fig. 2.) Continue one diameter C D 
towards F, and draw the tangent line E A, parallel thereto) 
then draw the chords D A and D B. 

3. To conftn^ifi the line of chords, divide the qua 
A D into go equal pans : then on A, as a centre, with 



• Only h»lf the circle a drawn in (he figure for wmi of rooiq; 
is pnetal a coniplete «Licle ii formed. 

compafli 
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compaires, transfer thefr divifions to the chord line A D, 
which mark with the cotrefpanding numbers, and it will 
become the line of choids, which may be transferred lo ihe 
ruler. 

4. For the line of rhumbs, divide the quadrant B D into 
eight equal parts : then with the conipafles, from the centre 
B, transfer the diviCuna to the line B D, wliich will be the tine 
of rhumbs. 

5. For the line of lines, throtigh each of the divifion^ of 
the arc A D draw right lines parallel to the radius D C, which 
will divide the radius A C into the fines, or verfei fines; 
numbering it from C to A for the fines, and from A to C for 
the verfed fines. 

6. For the line of tangents, lay a ruler on C, and the fe- 
veral divifions of the arc A D ; and it will inierfeA the line 
E A, which will become a line of tangents, transferring Ihe 
numbers from ihe arc A D to that line. 

7. For the line of fccants transfer the divifions from the 
tangent line to the line F D with the compares, and from C 
as the centre, marking the divifions with the correfpooding 
numbers on the tangent line, 

8. For a line of femt- tan gents, lay a ruler on B and the 
feveral divifions of the arc A D, which will interfett the m- 
diug C D in the feveral diviGons of the fern i-ta agents, which 
are to be numbered according to the arc A D. 

9. For the line of longitude, divide ihe radius A C into 
60 equal parts, through eath of thefedraw lines parallel to 
Ihe radius CD; the points where thefe lines interfcift the ar« 
A D are to be transferred wiih the compafles from A as a 
centre to the chord A D, and numbered thereon, which will 
^ve the line of longitude. 

10. For the line of latitude, the fcmidrclc A D B muft 
be completetl to a circle, then a ruler laid on the point D, 
and ou the feveral divifions of the line of fines, A C will 
interfeft the next quadrant of the circle, in as many points ; 
when from the oppofite part of the circle 10 D, as the ccBtre, 

so. Ae 
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the inlcrfeflioiis of the arc are to be transferred to its char^ 
and numbered acconling lo tlie numben on the line of lines. 

The chief ules of the lines of fines, tangents, fecaiUB, and 
femi- tan gents, art lo find the poles, and cenircs of the fcVCMJ 
circles, reprefcnled in a projcftion of the fphcre. 

I have been more particular in defcribing the coiiftrufiioB 
of this fcale, as it h an iiiftrument in moA general ufe iti ms- 
thematics; and by the foregoing directions the learnrr rni^ 
conilniifl any lines on ihe Icale himfelf, where there ha^^Mos* 
not to be a mathematical iiiftrument maker nigh at hand^ 
and place them on a rule, as lecn^^. 3. 



SECT. I. 

OF PLANE TBIGONOMETHV. 

The three methods of refolving triangles, or cafes in tri» 
gOiiomctry, ate: — 1. By^eDmerricalconOrurtion. a. Arith- 
metical computation. And, 3. Inltrnmeiitai operaiiou, la 
the firft meihod, the triangle is conltrufted, by drawing, 
and laying down the feveral pans, viz. — the Tides from a 
fcale of equal parts, and tlie angles from a fcsle of chords, or 
oiher inflnimetit: then the unknown parts are meafured 
the fame fcales; and thus they become known. 

In the fecond method, the tcrnu of the proportion 1 
ftated according to rule; which terms coiififl partly of the 
numbers of the given fides, and partly of the fines, &c. of 
angles taken from the Cables; the proportion is then rcfblvcd 
like all nihcr proportion^ in which a fourth term is to be 
found from three given terms, viz. by the Rule of Three. 

In the ihinJ method of refolving the triangle, by inl 
tnenial operation, recourfc moll be had to the logarii 
lines, on one fide of the two foot fcales J extending the 
paffcs from the firft term to the fecond or third, which 
pciu to be of the Cuac kiud with it; then thatuiciit wi 



a,!^ 




reach from ihc other term to ilie fourth term. In this ope- 
[| for the fides of triangles, is tiled the line of numbers, 
' and for the angles the line of fines or tangents, according as 
the proportion refpeds fines or tangents, 

n every cafe in plane trigonometry, there muft be giveu 
^three parts, one of which, ai leaft, mufi be a fide. And every 
triangle that can be propofed,'\vill fall under one of the three 
* following cafe; : 

C A 8 E I. 
W7ie« lieo of the three given Parts are a Side, and its 

oppofite Angle. 

CASE II. 

When there are given two Sides, and their contained 

Angle. 

CASE iir. 

tVJien the three Sides are given. 

Ru(.E. For the fitfl cafe, viz. — That the fides are pro- 
portional to the fines of their oppofite angles : ihai is, as ibe 
one fide given, is to the fine of its oppofite angle, fo is 
another fide given to the fine of its oppofite angle. Or, at 
llie fine of a giveu angle is to its oppofite fide, lo is the fine 
of another given angle to its oppofite fide. Thus, to find an 
angle, we muft begin the proportion with a given fide, that 
is, oppofi[e CO a given angle; and to find a fide, we mull 
begin with na angle oppofite to a given fide. 

Example. In the triangle, B D C, (^g. 4) having the 
fide B D equal to 106, the fide B C equal to 6;, and the angle 
B D C, 31 degrees, 49 minutes, to find the angle BCD, 
and the fide C D. 

I. By geometrical Conjlrudion. 
Drawalioe BD equal to 106; at D, mskean angle of 31* 
'' 49' t>T ^wisg D C; cake 6{ in ifae Gompafies, and with 
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one foot at B, extend the other foot to C, in the line DC, 
then draw tlie line B C, and it is done : for the angle C wi| 
be lao" 4j' ; ihe angle D, 31" 49'; and the angle B, %f «8'i 
and the fide D C, s-j. 

2. By arithmetical Compulation. 

As the fide B C, 65 

Is to the line angle D, 3 1° 49' 

60 » the lide B D, io6 



To fine angle C, 



■q343g 



To find the fide DC. 

Ai the fine angle D, 31° 49' 9.71198 

Is tofidcBC, 65 i.Siagt 

So is £nc angle B, 3;° sS' 9.6639a 

9-7' 198 





■I'c 


the fide DC, 56.88 


1.7548; 


Or it may 


be wroug 


It as follows :— 








180= 0' 


The fum of thr 


ee angles 






59"./ 


Supplemeac of 


.ngkt 






120-43' 


Angle C 








31 049' 


Angle D 


Ji 






lia^Sa' 


Their fum 


s 






.Eo° 0' 




^ 






.^aoja' 










2 7°a8' 


Angle B. 





Here it muft be noted, that when the givea angle is t 
tufe, the angle fought will be acute; but when the given 
angle is acute, and oppofite to a lefs given fide, then the re- 
quired angle is doubtful, whether acute or obtufe ; it ought 
therefore to be deiermined before the operation be performed. 

For 




For the above proportio;i gi 
gle; bulasiiisoblufe, iisfuppl< 
viz. 120° 4j'. 



3. By Gunter's Line, or ijiflruTnental Operation. 

Rule. Extend (he compalTes from 6; to 106 Da the lines 
of numbers, and that extent will reach from 31° 49'to 59* 
I / OB the line of fines. 

Secondly. The extent from 31" 49' to 27" 28' on the line 
of fines, will reach fram 6 J to 56.88 on the line of numbers. 



CASE II. 

When the three given Parts are two Sides end their 
contained Angle. 

Rule. As the fum of ihc two given fides is to the differ- 
ence of the fides, fo is the tangent of half the fum of the 
two oppofiie angles or cotangent of half the given angle 10 
the tangent of half ilie ditference of thofe angles. 

Then the half ditference added to the half fum gives the 
greater of the two unknown angles, aiid fubtrafled, leaves 
the lefs of the two angles. 

Thus, having all the angles, the remaining third fide will 
be found by the former cafe. 

ExAMPLc. Having the fide B C, equal to 109, 6 D equal 
to 76, (fig. 5,) and the angle CBD, 101" 30', to find the an- 
gle B D C, or B C D, and the fide C £>. 

t. By geometrical ConJiruBion. 

Draw the lijie B C equal to 109 and B D, fo as to make 
an angle withBC, of loi" 30', and makeBD equal to 76; 
join B C and B D with a right line, and it is done ; for the 
«ngle D being nieafured, is found to be equal to 47° 31', 
the angle C 30° 58', aiid the fide DC 144.8. 

4 2. Arilk' 



\ 



I 
J 



2. Arlikmetically hy Logarithmi. 

Side B C 109 109 180° c/ 

Side B D_76 _76 iqi°;o^ 

Their Sum_i«4 lheir_n difference ^V.°W ^^\ "^^^ 
19°' i' HairthebiDk 



Then to find ihe angles D anJ C. 

As the film of the HJes B C and B 0=185 ^.^b-jij 

Is 10 thtir difference 33 i.^iSji . 

So is tan. of ^ fumof the angles C & D 39° 15' 9.91321. 



To tangentof J thcdiff, of theanglesC&Da"!/ 9.16358 

Tof thefum of the angles D and C 39"* re' 

Add half the diflference of the angles C and D 8° 1 j' 

Give? the greater angle D 47°ja' 

Subtrafled, gives the leiTer angle C so^jB' 



To fii.d D C. 

Log. 
As fine angle D 47= 3a' n.G6?E6 
Is 10 the fide BC 109 2.03743 
So is fine angle B 101° 30' 9.99119 

I2.03S62 

9.S6786 
To the fide D C, required 1 44.8 



3. By Gunler, 

Firft-Theextent from 185 to 33 on the line of numbers yrJS _ 
reach from 39° is'to8° 17'on the liheof tangents. Secondh^ 
the extent from the angle D 47° 32' to ;8° 30', (the ftippl 

mentJ 
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meiit of angle B,) on the line of fines, will reach from the 
fide B C 109 to 144-8, the fide D C required on the tine of 
Rumbers. 



When lite three SiiUs are given, to find the three 

jingles. 

Rule. Let fall a perpendicular from the greaieft angle 
upon the oppofite fide or bafe, dividing it into two fcgments, 
and the whole triangle into fiiialler right-angled triangles : 
then the proportion will be ; as the bafe, or fum of the two 
fegments, is t« the fum of the other two fides; fo is the 
difference of thofe fides, to the difference of the fegments of 
the bafe. 

Then half the ditference of the two fegments added lo 
iialf the bafe, or half the fum of the two fegments, gives the 
greater fegmcni ; and fubtrafted gives the Icfs. Thus, in 
each of the two right-angled triangles, there are given the 
hypothenufeandthe baff, befides the right angle ; therefore, 
the otlier angles may be found by the firft cafe. 

Example. Having the fides B C equal to lo; (/g. 6), 
BD equal to 8$, and CD equal to 50; to find the three an- 
gles D, C, and B. 



I. Geometrically ly CanjiruSlton. 

I. Draw the line B C, equal to 105 1 with the compafles 
open to JO, and having one foot on the point C, defcribe an 
arc ; then with the compafies open to 85 and one foot in B, 
cut the former arc in D, join B D and C D, and it is done ; 
for the angles meafured, B wiil be found equal to a8° 4', and 
C ^3° /> which being added together, and fubtrafted from 
180°, leaves 98" 49', for theangLe D. 

vof.. ir. o a. Ariih' 
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2> JrithmeticttUy ly Logtailkms. 
The two fliartcft fides of the triangle B D and C D aMrf 
together, is 13;, and (heir difference JJ. The fegm*nt» of 
the bafe B C are found In the following manner 1 

*«- 

As the fide B C equal to io£ a.oa,i 19 

I> Co the fum of the Hdes B D and D C 135 2.13033 

So is their difference 35 1.54497 

To the difference uf the fegmeiits of B C 45 i .6533 x 



Thus, having the fum and difference of the ferments of 
the bafe, it is only necelTary to add half thair fum jaj to 
half the dijlereuce aa^, and it will give the greater (egment, 
which is 75; aad which fybtrafted from loj leaves 30, dw 
lelTer fegment, 

Tojind the Angle BDA. 

As the hypotbenufe B D B$ 1.91942 

Ii to the radius icooooo 

So is the greater fegment 75 1. 87506 

To the fum of the angle BDA 9-945'*+ 



Therefore, the angle B D A is equal to 61" 56'. 
To find the Angle ADC. 



As ihehypoihcnufeDC jo 
li to the ridius 
So is ihe lefs fegment jo 
To the fine of ADC 



i»J. 



Therefore, theingle ADC is equal to 36' 53', and \ 
nhole angle B D C equal to 98° 49'. 
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To find the angle B, it is only necelTary to fubtraft the 
angle B D A, or6t° 56', from 90** and the remainder z8° 4', 
is the SDgle B, and the angle C is equal to 53° 7'. 

3. By Gunter. 

1. The extent from 105 to 135 will reach from JJto 45 
en the line of numbers. Secondly, The exieni from S5 to 
75 on the line of numbers, will reach from the radius to 
6i* 56', or the angle B D A, on the line of fines. Thirdly, 
The extent hom 50 to jo on the line of numbers, will reach 
from tilt radius o 36' j j', the angle A D C on the line of 
fines. 

The three foregoing cafes of plane triangles, contain all 
the varfetiei of both right and oblique triangles. But there 
are fome other theorems, fuitcd to fume particular forms of 
triangles, which are often more expeditious in ufc, than the 
foregoing general ones ; particularly the following theorem, 
for right-angled triangles, bdsg a cafe which frequently 



CASE IV. 

JFhenin aright-angled Triangle there are given I Jw 
jingles, and one Leg, tojind the other Leg, or Hy- 
pothenufe, 

RvLE. As the radins is to the given leg AB (fig. 7), fo 
is the tangent of the adjacent angle A, to the oppofite leg 
B C ; and fo is the fecant of the fame angle A, to the hypo- 
Ihenufe AC. 

ExAMFLE. In the triangle ABC, having the leg A B 
equal to j6a, and the angle A equal to 53" / 48", and con- 
frquently the angle €36" ja' 11"; to find the fides BC 
wdAC. 

• » 1. G«. 
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I .■^»J^I" 



•■'J.'" I' f. Geometrically. 

Draw A B equal to i5i, and ereft the indefinite perpend 

eularBC; makcUieangle A s}° /-vS"; then the fide AC 

will cut B C in ilie point C, and form the triangle ABC, 

^which, by mtafuriug, AC is found equal lo 270, andBC 

»3l'6. 

I. Ariikmetkally. 



As radius 

Iito AB 161 

So is the tangent A ;j° 7' 4S" 

T0BC216 

So is the fecant A 55' 7' 48" 
To A C 370 
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2095 1 SO 
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0000000 
lj445aa 


10 


,..8477 


-i 


4513617 



3. Bij Gunter. ^H 

Extend the compaltes from 45° at the end of the tangeat% 
(ihe radios,) to the tangent ofsj'ji and that extern will 
rcaciifrotn 16a to si6on the lineof nVimbersfor BC. Tben 
extend the compafles from 36" ja' to 90 on the fines ; and 
that extent will reach from i6z to 370 on [he line of Diim- 
ters for A t. 

There is alfo another method qf frequent ufe in trigono- 
metry, called, maiing rvmy /lie Ta/iim, which hnifollovni 

Let ABC (/fj. 8) be a given triangle; make the hypo- 
fcenufe A C radius firft ; that is, with the extent of A C as 
a radius, and on A and C, as two centres, defcribe the two 
arcs C D and A E ; then each leg A B, B C, will repr^fcnt 
the fine of Jts oppofiic ?rg!e : viz. The leg B will be the 
fine of Ihe arc CD, or of theangle A; and the leg AB the 
fine of"[he arc A E, or of the angle C. 

Again, 
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Again, making either leg radius, the oiher leg will repre- 
fent the tangent of its oppoCte angle, and the hypotbenufc 
the fecani of the fame angle : thus, with the radius A B and 
centre A, defcribe the arc B K ; and B C will reprefent tlw , 
taogent of that arc, or of the angle A, and the hypothenitfc 
A C the fecaiit of llie fame; or, with the radius BC and 
centre C, dcfcribe the arc B G ; then the other leg A B k 
ihe tangent of ilat arc B G, or of the angle C , and the by- 
pothenufe C A is the fecant of the fame. 

Tfaeii the proportions arc obvious ; for the fidca in this 
figure bear the fame proportions to each other at the parn 
they reprelcDt. 



„ ;,;„„; , SECT. n. 

' J ; r '•or SPHERICAL TBIOOSOMBTRT. 

Spkehical Trigonometry teaches the refoiiition of a 
fpheiieal triangle, having three given parts : and, like plane 
trigoiiotnetry, may be either right-angled, or oblique-angied ; 
but before the learner can proceed to the analogies of a fphe- 
rical triangle, it is neceJibry (o be acquainted with the dx 
following theorems : — 

TJieorem I. 

In all right-angled fpherical triangles the fine of the hypo- 
thenule is to the radius, a^ the line of a leg is to the line of 
Its oppofite angle. , And as the tine of a leg is to the radius, 
fo is the tangent of the other leg to the tangent of its oppo- 
fite angle, 

Demonllrated thus. LecED.AFG (fig. 9} reprefe&t 
the eighth part of a fphere, where die quadrantal planes E D 
f G, and E D B C, are both pcfpeiwlicular 10 the qwadran- 

tai 
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tal plane A D F B, nnd the quadranni planf A D G C is per- 
pendicular to the plane E D F G; and the fpheriGal triangk 
AB C is righl-anEled at B, and therefore C A is the bypcf- 
Ihenufc, and B A, B C, are the legs. 

Draw the tangents H F and O B to the arches G F ud 
CB, and the £nes G M, CI, on the radii D F and DB; 
alfo draw B L ihe fine of die arc A B, :ind C K the fine of 
AC: thcnjginlKand OL. Now H F, O B, G M,rad 
C I, are all perpendicuUr to the plane A D F B. Asd H D 
G K, and O L, lie all iit the fame plane A D G C ; alfe F D, 
IK, BI,iie allinihefame plaoeADGC. Tkatfoit, 
the right-angled trianglcj H F D, C I K, and ODLrkatrii^ 
, the equa-anglfs H D F, C K I, O L B, are fimilar. And 
as C K is to D G, lb U C I to G M 1 that is, a^ the fine of 
the hypothenofe is to the radius, fo is the fine of a leg to the 
fine of its oppofite angle. For G M is the fine of the 
arc G F, which meafnres ihe angle CAB. Alfo ai L B b 
to D F, fo b B O to F H; tbat rs, ai the fint efa leg is to 
the radius, fo is the tangent of the other leg to the tangent of 
t» Oppofite angle. (X.E. D. 

From this it follows, that the fines of the angles of aiv^ 
oblique fpherical triangle, as A C D (fig. lo), are to oiK ■ 
another direftly as ihe lines of the oppofite fides ; ifitnvfbrt^ 
in every right-angled fpherlcal triangle, having the famk' 
perpendicular, thefinesof the bafes will be to each other ui> 
vcrfely as the tangenti of the angles at the bafes. 

Tkeorem U. 
In every right-angled fphericat triangle, as A B C (j!g. 1 1 ), 
the proportion is, as radius ii to the coGne of one leg, fo is 
thecoliiie of the other leg toihecofinc of the hypotbenufc. 

Therefore, if two right-angled fphmcal triangles A B C, 
C B D (fig. lo), have the fame perpendicular BC, the cc 
fines of their hypoihenufes will be to each other dueftly a» 
the cofines of their bafes. 

Tietrait 
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Theorem in. 



In any fpherical triangJc, the proportion is, Aa radius is to 
the line of either angle, fo is tbc coGae of chc adjacent leg ta 
the coCne of the oppofiie angle. 

Therefore, in right-angled fpherical triangles having the 
iame perpendicular, the cofines of the angles, at the bale, 
will be to each other, diieAly, u the Gnes of the rattcil 
angles. 

Theorem IV. 

In any right-angled fpherical triangles, the proportion is, 
Ai radius is to the cofinc of the Iiypotheiiufe, fo is the tan- 
^ent of cither angle to the cotangent of the other angle. 

Thus, As the fum of the lines of two unequal arches is M 
ihdr diiFerence, fo is the tangent of half ihe fum of thofe 
arches, to the tangent of half their difference; and, As the 
fum of the cofines is to their difference, fo is the cotangent 
of half the fum of the arches to the tangent of half the dif* 
ferencc of the fame arches. 

Theorem V. 
In any fpherical triangles ABC (fig. la and rj), the 
proportion is, As the cotangent of half the fum of half the 
difference, fo is the cotangent of half the bafe, to the tangent 
of the diftance (D £) of the perpendicular, from the middit 
•f the bafe. 

Theorem VI. 
In any fpherical triangle ABC (fig. la), As the cotan- 
gent of half tbc fum of the angles at the bafe, is to the tangent 
of half their difference, fo is the tangent of half the verti- 
cal angle, to the tangent of the angle which the perpendi- 
cular CD makes with the line C F, bifeaing the vertical 
angle, 

4 * 
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Tke Solution of the Cafes of right-angled Jpi 
Triangles, (Fig. ii.) 




^ 


Giien. 


SooBt". 


Solution. 


. 


Die hyp". AC, ,iuJ 
one un^lc A. 


].:? b'c. 


A! radiui : fine hxpolhcnofc AC 
-,(ineA:fmeBC. fbyTheor.iJ 


3 


rheh>po. AC, and 

one anjlc A. 


The adjscenl 
le^ AB. 


rts radius : cufiiie of A :: tsngCU 
AC : wngent A B. (fay That 


The liyporheriulc 
ancle A. 


The ether an- 
gle C. 


A( radius : coline of A C i: iw 
(Wil A : eotaneeni C. (by 

Thenr. i.) 


4 


The hypo. AC, am 
one Ic? A B. 


„„.„„,, 


As coGne A K ! radnu :: cofinc A 
C : cofine B C. (by Thcor. ».). 


] 

8 


The hn«. AC, and 
one leg A B. 


•1 he oppose 
anKfc C. 


As fine A C ; radiui :: lute A B 
floeC. (byTheor. 1.) 


The hypo. At , ui( 
one leg A B. 


The adjacent 
angle A. 


ks tangent A C : luigcnt A fi :: 

ladius : cofine A. Ib^ Theor. I. 


OntlfgAB, ait.lihr 
artjacenlangleA. 


The olhe. leg 
BC. 


Ai, radius ; fine A B :: langent A 
: undent BC. (byTheoi. 4.I 


OnelfgAB.andihc 
adjoreni uiete A. 


The oppotiic 
■n^le C. 


As radnw : fine A :: cofine A B : 
cofiue C. (byTheensO.. 


OnelcBflB.iindthe 


rht liypBiiie. 
niifc A C. 


A^ coline A : ndnu :i taneuuJ 
B : tangen, A C. fby Theor. 1.) 


One leg BC, and the 


The i.thtr lee 


As urgent A : langent B C :: n. 
dil« Mine A B. (byThcot. *.J 


oppofite anele A. 


" 


Onrle^BC.andihe 
cppofiie angle A. 


The adjacent 
anfrle C. 


As coline B C : raditu :: cofine U 
A:l1neC, (bvThmr- 3.) 




OnekgBC, a,dlhr 
oppnfi.eanslcA. 


The hji-.L-the- 
nufe A C. 


As Gne A : liiieBC " radius -fine 
AC.(byTh.-or. 1.) 


13 


Both lecii A B and 
BC. 


Ihe hypolhe- 
nufe A C. 


As radius : coline A B :i cofine B 
C:eor.neAC. [by Theor. i.\ 


'4 


Bolh Itgs A D and Any angle, as 
BC. A. 


As tine A B ; radius ;; tangent B 
C: tangent A. (by The»f.*.) 


J 


Both angles A and 


AnyleB.aiAB. 


Asfine A,; cofine C:i radius ; co- 
line A B, (liy Theor. j,) 


Both Mgles A and 


The hypoihe- 

■ nufe A C'. 


As tangent A : coTangent C :: ra- 
dius : cofine A C, (bj Theo», 



Note. The loth, iitfi, and iiih cafes are ambiguou! 
it cannot be determined by tbc ilata, whether ABC, 
A ^, be greater or Icfs th^ 90 ({pgrees eacb. 



The Solulion of the Cafes of olUquefpherical Triangles, 
(Fig. 12 and 13.} 



and the angle A 



TwolidtiAC, BC, 
ippofile 10 1 



iTwo ndfs AC, Bi 
^ ,1 and ihe inglc 
Oppolitc 10 one 



The oihct fidi 



Two (idea AC, AB, 



Two ansle' 
ACB,ai.d(l 
AC bctwizi 



Ut fall Ihe perpendicular C D upon A B 
produced (it nccclftiryjiihtii ladioi ; Co- 
fine AC :: tan(!enl A . colangciii ACD. 



Tidi AC The fide AR be- 



D^ipofitc 10 tbc As fii 



1 ladiua : coline A :% Undent AC 
genlAD. (byTheor. 1.) This and Ihc 
Uft ofe arc bulh ambiBUouj, when 



gem AD. [by 'I heor. i,] Whence BD 
IS known ; Ihen as line BD 1 fine '" 
ion gent A : liiigenl B. (byTheO' 



■ raUiut: Cofinc AB:: tangent A: c 
genlACD. (byTheot. ^.) Whence BCU 
is alfu known; then u fini: ACD : One 
BCDiiCofiQgAicoCncB.lbyTheur.j.) 



gent ACD. [by Theor. 4.) Whenr 
BCDisairi) known; [hen as coliii 
BCD ; cofine ACD :; (angcnl AC : tan- 
geniBC. [hyTh^r. i.) 



;fineAC::1ineA:fipeBC. 



gem AD. (by 'fheor, i.j and »» ii , 
b ; 'ineeni A :: fine A D : One BD, 

whence AB ii alio known, 



I 



.. „ AC + BC 
4i langeui jA B langeiii ^— . 

langtnc ^*^~^^- tangent DE (b« dlf< 

tince of the pctpcndicuUt ffomtbe 
middle u( Ihe bale, whence A D i* 
known. Then as tangent AC : uogeoi 
ADi. lad. : ciitincA- (OyTtieQ- - ' 

ABI^I-A . _ ABC— A 
A; cocsngeiit 1 — : lansent 

Ungeni . ; tangent of Ihc angle b«- 

Iween ilie perpendicular and a line bi- 
rc£tingtheveru>.-slp.agl(i,whenccACD 
is alio known. Then as tangent A " 
tangent ACD :: radius : cofina AC. 
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Tlie foUowi'ig propoCiioLLs concerning tpherical triangUii 
will render them moreimeillglblc, 

I. A fpherical trisiigle is either equilateral, i&fcctar, or 
fcfllene, accurniog as it lias the three angles a!l equal, or two 
of them e<inal, or all three unequal; and vice ■ucrja, 

a. The greateft fide is alwaj's oppofite the grcateft an^^ 
and the fmallcll Gdeoppofire the fmaUeft angle, 

3. Any two fides, taken together, are greater than tbc 
third. 

4. If the three angles of a fpherical triangle be all scute^ 
or all right, or all obtufe, angles, the three fide* will be ag- 
cordingly all lefs than 90 degrees, or equal to 90 d^rees, or 
greater than 90 degrees; and -vice ver/a. 

$. If from the three angles A, B, C, (fg. 14.) of 91 fp|K- 
rical triangle, A, B, C, as poles, there be defcribed upon the 
furiace of ihe fphere, three arches of a great circle, D E, U F, 
and F E, fnrming by their interfeftions another fphtrical 
triangle D E F; each fide of the new triangle will be tlie 
fupplement of the angle at irs pOle; and each angle of the 
fcmc triangle will be the fupplemenc of the fide oppogtc to 
it in the triangle ABC, 

6. In any triangle ABC, or A b C, right angled at A, 
(fig. 15,) the angles at the hypothcnufe are always of 
lame kind as iheir oppofite fides. And the hypothenul 
greater or lefs than a quadrant, according as the fides, ^ 
eluding the right angle, are of different kinds, orofthclai 
kind ; that is to fay, according a'i thefe fame fides are either 
both obnife, or both acute, or as one is obtufe, and the other 
acute, and<ai««!r/a. Firft, the fides, including the right 
angle, are always of (he fame kind as their oppofite angles. 
Secondly, ilie fides, including the right angle, will be of the 
iame or different kinds, according as the liypoihenufe is left 
et more than 90 degrees ; but one of them at lead will be of 
90 degrees, it the hypothenufe be fo. 
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OF GROCRAPHr, 

CHAP. XIII. 
OF GEOGRAPHY. 



GEOORAPHICAL DBFINITIONS. 

i.Okocraphv is the knowledge of the earth, or adr- 
fcriptton of the rerreftria] glube, particularly of the fuHiaee 
and known habitable parts ibereof, with all its different di- 

X. The earth is a globular Imdy, furrounded with an at- 
morphere of air, by which all lerreflrial bodies are confined 
lo ill fuT&ce, being attracted thereto by the laws of gravity. 
That the earih is of a globular form, has been demon- 
. {haltd by a number of experiments, particularly' by ob- 
fervations of the ecUpfes of the moon ; in which il appear^ J 
that the fliadow of the earth always appean circular, whidb 
everwayit is projected . Alfo,by tbeobfervationof fhipsal 
fea, which, after their departure from any coaft, gradually 
difappear to an obferver on land, from the bottom upwards ; ' 
that is, the firft pan which difappears from the light, is tlie 
I keel, or lower part of ihc fliip ; ihen thoft parts which are 
I Mghcr up, and fo on ; the top of the mafl being ibe part 
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that is laft feen : ihis is owing to the convexity of tlic watcri, 
which have the &mc globubr figure as tlic earth *. 

J. The earth alfa has a diarnal motion on \ts own axis, 
performing one revolution in 24 hours; thereby occaGoning 
the changes ofthedayandni^hr, as will be feen in Afiroiiomy. 

4. The circiimftreiice of the giobe is fnppofed to bei& 
vided into j6o pans, called degrees, and each degree fub^ 
vided into 60 minutes, and each minute into 6a feconds^ Sec, 
Every degree contains 60 geographic miles; tonfcquently, 
the circumference of ilie globe is s 1/100 fuch miles ; and the 
diameter 6900 miles. But as 60 geographical miles are 
abovefij Briilili meafure, the circuit of the globe U tben* 
fore 24,3^0 Englidi miles, and the diumeier almoll a third, 
or 7900 ill round ziumbers. 

5. The globe of the earth confifts of land and water i the 
proportion of the land lo rhc waicr is not accurately knowD, 
but it is generally believed to be near one third. 

6. The wiiters are divided into three oceans, (betides the 
ihialler fe;is:) via. The .Atlantic, Pacific, and the Indian 
ocean. (. The Atlantic or Weftern ocean divides Europe 
from America, acid is 3000 miles wide. 2. The Pacific ocean 
divides America from Afia, and New Holland, and is 10,000 
miles wide. 3. The Jndian ocean lies between the Eaft In- 
dies and Africa, and is 3000 miles wide. The parts or 

• The rhrlor.phers of ihe UR aje itiffcicd grcilly in their defetip- 
lioiM of Iht irjc fptietical fgurc of ihc«ii(i, of which there >raie two 
general npinics. The one niainiiined ihatthc earih was a prolate 
fjihcroid; of thimumbtr w»sC»IIini. The pthti part)- msinuined it 
tobeanoiljicfphc-ciih if 'his Si. Ifaac Ncwion waiihc chief, who 
Indited ihai me polar wai ihorrer than the equslorial diameler by 3C 
miles. A fn-.y of philofopheis from Fiance was fenlby iheMng cf tbM 
ceumiy, to meafure a .legiec on the polar circle, and alfn en the cqw. 
iffull of iticir cxpeniDcnl lumed oui esafljy in favour of SSr 
htoiy. Buiihisincqualityof ihe (hape oftheearth. 



Ifuc Ntwii 

ft vrell as the incquaUtiis occafioned by ihe mDiiniaiM^ fcc. ma^ 



frnjMr diflcrsnce i 



lofihe. 
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called Teas, as the Mediterranean 
» generally from the countries they 



branches of thert ocear 
fca, See. receive their n 
boriler upon. 

7. A 6^y, or gulf, is a part of the fca, alroofl furroundeti 
by laril ; as the gulf of Mexico, the bay of Bifcjy, &e. 

8. A firaii is a narrow paffagc out of one fca into an- 
other ; m ihe Itrait ot Gibraltar. 

9. A lake is ;> water furrouaded by land ; as the lake of 
Geneva. 

10. Ri-un are Rreams of water, ilTuing frnm fprings in 
high grounds, and felling into the fea, or other rivers ; and 
are wider near their mouihs than towards their heads or 
fprings : ihey are defcribed in maps by black lines. 

1 1. The land is divided into two great coniinents: viz. 
The eallern and weltern coniinents, bciides iliaods. The 
caflern continent is fubdivided into three parts: viz. Eu- 
rope, which is the north-weft part; Afia, the north-eafl; 
and Africa, tlie fouth. The weftem continent confillt of 
Anicrica only, divided into North and South America. 

■ 3. An i/laitj is a piece of land cnlireiy furroanded by 
water. 

13. A ftnia/iila is a couatiy, or piece of )and, fkirrouuded 
by water, except on one fide, where it jmiu to fome othn 
land. 

14. An i/haui i% a narrow neck of land which joins a 
peninfula to fome other country ; as the illhmus of Suez, 
which joins Africa to Afia; the ifthmus ot Darien, which 
joins North and Souih America. 

J J. A 1*11/', called fometimes a promonrory, or head-land, 
is a point of land extending fome way into the fea. 

16. The furface of the earth is fuppofed 10 be divided by 
feveral imaginary circles, for the belter determining the 
fituation and boundaries uf the feveral countries and parts 
of the world, of which iho moft confiderable circles are the 
following: — (. The eguaia, called alio the equinoflial line, 
ivhicb divides the globe of the earth into two equal parts, or 
^jj . j hemifphere^ 
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hcniilptierts, the one north and the oilier Touth, Xhii 
circle ia every where equallj diClanl from the two poles ; and 
upon this circle the degrees of longitude are marked, c 
The two trspiret circle! : viz. The tnpk 1/ Cancer, or the 
northern tropic, which encompalTes the globe at the dillatice 
o{ s 3 J degrees from the equator ; and the irvpic e/Coprievrjiy 
OX fDUthern tropic, which encoinpailes the globe at the 
fame diftance on the fourh fide of the equator. The fpacc 
between thefe two tropics is called the Tia-riJ Zam, 3. The 
two polar circles: viz. ihe arUie circle, which furroaiids 
the north pole; and the m/n/'^fV rjWf, which furrounds tbe 
fo«th pole ! each ai the diflance of 13} degrees from its re* 
fpeilive pole. The fpace included between the tropic of 
Cancer and tlie arftic circle is called the northern Temper^t 
Zsiu, and that fpace between the ar^ic circle and the north 
pole, is called the north Frlgiii Zone ; and the correfponct* 
ing fpaces on the fouthern hemifphere have iimilar names, tf 
the foulhern Tempirale Zmtr, and the fouthern FrigiJ ZmtkfM 
4. The aeTiJiiant liiKi, which arelinea drawnat right an^es I 
lothe equator, and coinciding at the poles. Thcfe lioei 1 
run iMreftly north and Ibuth ; and when the fun appears ftiB 
fouthof any place, he is then faid to be on (he meridian of 
th« place; and it is then twelve o'clock at noon at that phci 
The latitude of places is always numbered on ihefe Uncs. 

17. The kngituJi ij the diftance of one country from ai 
Mher, and is either eall or ueft, and meafnred on the e^ua» 
tor. The longitude of K place is always meafured from the 1 
capital of the countr)' where the author or traveller is j thui^ 
when a perfon in England mentions the longilud« of any 
other place, it is always underftood that the longitude it 
reckoned from London; that is, thedegrcesof longitude are 
meafured on tlie equator, and from that part of the eqiiatofi 
where the meridian pafling through London, intcrfcfls Ae 
equator, at that pan of the equator whieh is cut by the n 
ridian of the Other place meafured to. 




tS. The ^f>B./£ of a place is thediSance of that place 
from the equator, meafured on ihc meridional iine; aiul u 
cither north or fouth. 

19. The iribaliiianls of the earth are dllUnguiQied frani 
each other by. their relitive liiuacionE ; of which there are 
reckoned three forts, Piriirei, Antiteei, aad AnSifydes:^ 
1. The Peiieeri are thofc people who live at the faioe 
ditlance from the equator, but under oppotite meridiaas : 
the length of their days and featbtis is the fame ; bat when 
it is mid-day with one, it is midnight with the other, a. The 
Aiuiaci live under the feme meridian, but oppolite parallels, 
«nd live equally diftaiit from ihc equator; the one being Ia the 
fouth latitude, aiid the other in the nurth. Thefe have the 
fun at the fame hour ai noon; but the longefi day of theanc 
is the fhorteft day of the other, and their feafons of t!ie year 
are dijfereni ; for wtien it is fummer with one, it ii wintu 
with the other, 3. The Amipoiies ok fituaied dircflly ou 
oppofite fides of the globe to each other, the teet of the one 
facing dire^ly oppnfite to the feet of the other, Tiiefe lie 
uaSer nppo&ie rae^^dial)'^ and oppofite parallels : it is noon- 
day witli the one, wiien it is midnight wiih the other ; the 
loDgeft day with the one, is the flrarteftday with the othcTi 
and when it is fummer with the one, it is vnaxex with the 

20. Tiie inhabitants of tbe.eanh are fometlmes difljn- 
guifhed from each other (in geography) by the diredion 
of their fliadowa at noon-day ; and are called Amjihifdi, A/cii, 
Httcn/cut or Perifiii. 2. The Amphfcii arc thofe Gtuaied 
in the torrid zone, and liave their fhadows, one part of the 
year, direfled towards the north at noon-day, and at anoibei 
part of the year, towards the fouth, at noon-day, according 
to the part of the ecliptic the fun is in ; coufequently, the fun 
i* vertical to thefe people twice 3 year. They Mi then called : 
—a, j^iV, (bowing no fliadow at noon-day. 3. The Hcit- 
fB/^',areibofe who inhabit the temperate zones, and whofe 
Ihadows at tnid-day always fall one way ; vii. The (ha;dowi 

0/ 
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ef thofe 10 rhe northern temperate zone, falling always to-. 
wards the north, at noon-day; and thofe in the fbuthcrn 
lone, always fouth at noon-day. 4. The Pi/i/cii are thofe 
who inhabit either of ihe frigid zones. Thefe have their 
fliadows moved entirely roimd ihcm every 34 hours, when 
the fun ii in their hcmifpherej, and fo far declined towards 
their pole, as not to fet for fcveral dayi. 

ai. The iorima is properly a double circle; one of the 
horizons being called K)xf;i<fibU, and ihe other I he ratianal 
hriwH. The former comprehends only that fpace which 
we can fee around vt^, upon any part of the earth ; and is 
TCry ditfercnf, according to the difference of our filuation. 
The other, called ratioaaf, is parallel to the former, but pafT* 
ing through the centre of the earth, and fuppofed to be con- 
tinued as hr as the celefiial fphere itfcif; whereas the 
former is fuppofed to paf» over the furface of the cartb, 
where the fpeftator fiands; but in geograpliy, when the ho- 
rizon is mentiontd, the rational horizmi is always under- 
Hoed. By reafon of the round figure .of the earth, every 
different part has a different horizon. The polci of the h 
rizon, that is, the points direflty above the head, and a 
pofiie thefeetof theobfervCT, arc called the zfiitA and Hadi 

32. The xcniii is that pole of the hortzon direAly a 
the obferver's head. 

13. The nai!ir is the oppofite pole of the hniizon, 
that direfily under the obferver's feet. 
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Defcripiion and LJe of ike Gli/hs and JniiUlary Sphere , 

By me.-ins of maps, the tnie (iiuations of the different 
places of ilie earili, wiili regard to one another, and every 
other particular relative to them, may be eafilv known ; coii- 
feqiwiitly the hnur of the day, frafon of the year, tc. for 
any particular place may be difcovtred. But thefe problems, 
lo be rcfolved by maps, wuuld be tedious and complex j 
therefore, ihofe machines called the ccleflial acid terreftrial 
g!obe5, and the armillary fphere, have been invented, by 
which many calculations are faved, ar.d every problem in 
geography may be folved mechanically, in the moft eafy and 
expeditious manner. 

If a map of the world be accurately delineated on a fphc- 
rical ball, the fiirface thereof will reprefent the Airface of the 
earth 1 for the higheft hills bear no greaier proportion to the 
bulk of the whole earth than lb many grains of fand do to a 
common mathematical globe of twelve or eighteen inches 
diameter ; the diameter of ihe earth being iiear 8000 miles, 
and no hill upon its fuiface 'a above three miles in perpen- 
dicular height. 

The armillary fphere \i a large hollow fphere of glafs,. 
having as many bright fluds fixed on its infide, as there are 
vifible ftars in the heavens, and of the fame magnitude, and 
at the fame angular diftar.ces from each other. This fpliere 
is a true rcprefenlation of ihe heavens, to an eye fuppofed 
to be placed in the centre [ for to an obferver placed any 
where within the furface of an indefinite fphere, all obje^ 
will appear equally diilant, though fome be much nearer than 
others : and if a fmall globe, having a map of the earth- 
upon it, be placed on an axis in the centre of this fpber^ 
and the fphere be made to turn round its axis, it will repre- 
fent the apparent motion of the heavens rouud the earth 1 
birt if the globe be turned round its axis, while the fphere-, 
remains fixed, it will reprefent the ttae motion of [he earth. 

Jf 
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If there be drawn a great cirel* upon ihis fphere, equally 
tliftant froni its poles, ait<i having the plane of the circle per- 
pendicular to the axis of the fphere, it will reprefent tlie 
releflial equinox, tvhich dividei the lieaveni into iwo equal 
parts or hemifphercj i and ihe two axes of the fj>liere will 
reprefeiit the two poles of ths heavens. 

If there be another great circle drawn upon ihc fphere, 
cultiiig the equinoi^ial at .in angle of 23I degren, in two 
oppofitc points, this circle will rcprefent the ecliptic, or 
circle of ihe fun's apparent annual rrMJlion( one lialf of 
which is on the north Gde, and ihe other half oti the fouih 
fide of the equinoi^tial. 

It there be made a large tiud to move eaftward in this 
ecliptic, and with fiich a motion ns 10 go quire round it in 
the time that the fpbere is turned round wcOward upor. its 
axis 366 tinies ; this find will reprefent the fun clianging its 
place every day in ihe ecliptic, a 365ih part; and going 
round weflward iu the fame dirc'ftion as the It^r^, but with 
a motion fo much flower than that of the Aars, titat they will 
make 366 revoluiiune in the rime that the fun makes only 
36J, about the axis of the fphere. 

If the terredrial globe in this machine be about one inch 
in diameter, and the diameter of the ftarry fphere about five 
or fix feet, a fmall infefl, plao-d upon llie globe, woukl fee 
only a very fmall portion of its furface; but it would fee one 
half of the furface of the fiarry fpliere, the convexity of ihe 
globe hiding the other half from its view. If the fphere be 
fet in motion as before direii^d, and tJie globe alfo revolving 
on its own axis, the iiifed will fee all the phenomena ob- 
ferved by the inhabii.ints of this world, in the diurnal rota- 
tion of the earth round its axis. 

The exterior parts uf this machine are fevera) bjafs rings, 
which reprefeut the principal circles in the heavens : viz, 
1. The iquineSial : a. the tclipric, divided into l!ie iigns 
tod degnws ^"^ alfo into the tnonthi and the days of the 
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year, to (ho* in what point of the ecliptic the fun is on 
any given day in the year : 3. the iivo mpici : 4, ihc aHHi 
and anlaiilie cirdfi : ;. the eq11inefli.1l enlare, which is 9. 
great circle paffing through the north and fouih poles of the 
heavens, and throiigh the equiiioftial circle at the points 
where the eqninoiSia! is cut by tho ecliptic : 6. i\xjil/iitiat 
alure, which is a great circle paffing through the poles of the 
heavens, and at right angles totheequitioflial colnre. Hence 
thefolftiiial colurepa(rcsibrough the eqninodlial at the points 
where the equinoflia! is at the greateft diflante from the 
ecliptic. Thefe points in the equiooflial are called the ^t 

In the north pole of the ecliptic is a nut, to which is fixed 
one end of a quadrantal wire, having at the other end a 
fmali fun, which is carried round the ecliptic, by nirniug 
the nui ; and in the (bulh pole of the eclipiic, another qua- 
dranral wire is fi.\ed, with a fmall moon upon it, which may 
be moved ronnd by the hnnd. There is alfo a particular 
contrivance, for caufing the moon to move in her own orbit. 

On the axisi of the fmall globe is fixed a flat celclHal 
meridian, which may be fet direflly over the meridian of any 
place on the globe; and then turned round with the globCf 
fo as to keep over the fame meridian. This globe has aU»g 
a moveable horizon, which turns upon two wires, ^ 
proceed from it on the eaft and weft points of the globe, a 
entering the globe at the oppofite points in the equator, 1 
is a moveable brafs ring, let into the globe in a groove, 
whole fabric is fupportcd on a pedeftal, and may be elev^tej 
or depreflcd to any iinmbcr of degrees, from o to 90, 



Defcriplion of the Terreftrial Globe. 
On ttie tetriflrial globe are drawn all the principal circ 

before mentioiieii. as the equator, ecliptic, tropics, | 
circles, and meridians. The ecliptic is divided into ti 
figns, and each iJgn into thirty degrees. Each tropic b a 
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ilegrees from (he equator; and each polar circle 23I degrees 
fnim its refpeiflive pole. There are alfo circles drawn pa- 
rallel to the equator, at every i o degrees diftance from it, oa 
each fide towards the poles; tliefe circles are called ^ro/Wj 
j^ laiitndc. There are, alfo, fevcral other circles, drawn 
perpendicularly 10 the equator, and interfering each other 
at the pdles ; thefe circles are called mendiam, and fometimra 
circles of Jmgiiudc, ur ifur cinUi ; and on large globes they 
are drawn through every tenth degree of the equator; but 
ou globes of lefi than 12 inches diameter ibey are drawn 
through every fifteenth degree. 

The globe is hung in a brafs ring, called the ir^zeti meri- 
Man, turning upon a wire in each pole, funk into one fide 
of ihe meridian ring. This meridian is divided into 360 
degrees; one half of thefe degrees are numbered from (be 
equator to the poles, to fhuw the latitude of places; the 
other half are numbered from the poles co tlie equator, to 
jhow how to elevate either of the poles above the horizon. 
This ritig divides the globe into two equal parts, called the 
fofieia and isefiern hemij^hcrej ; as the equator divides it into 
the narthan and foullitta hcmifpktres. 

The brazen meridian is let into two notches, made in a 
broad flat ring, called the loandea korizon \ the upper furface 
of which divides the globe into two equiil parts, called the 
Vpper anA iBtverhcmifphtrts. This horizon correfponds to llie 
true rational horizon; and upon it arc feveral concentric 
circles, which contain the months ot the year, the figits and 
degrees anfwering to the fun's place for each month and 
day, the thtrty-two points of [he cornpafs, and the circles of 
amplitude and aiimuth, with fome other circles- 
There '■& a fmall horary circle, fixed to the north part of 
the brazen meridian, and having the wire in the north pole 
of the globe in its centre ; on which wire is an index, which 
goes over all (he twenty-four hours of the circle, as the 
globe is turned round its axis. Sometimes there are two 
horary circles, one at each pole. 

Tb« 



, incridian to ihc degree of the givni laiicude; and utider thai 
, degree of latitude will be tlic place required. 

PROBLEM lU. 

. ,ToJaid ike Differe^ire of Longilude, or Difference of 

Latitude, between any two given Places, 

Bring each of the two given places to the brazen meridian, 

and mark their latiuides; then, if both places are on ihc iame 

fide of the equator, the lefTcr lalitiide fabtrafled from the 

greater will give the difference ; but if ihey are on different 

fides of the equator, boih latittides murt be added together. 

L ^uxd the difference of longitude is found by bria^iiig each 

I , place to the meridian, and reckoning on ihc equator [he 

difference of degrees between the meridians of the two 

places, if it be iefs than iSo degrees, or half a circle j bui 

if the difference be greater, it muft be fubtrafted from 360, 

and the remainder is the difference of longitude. 

PROBLEM IV. 

Tejind all thnfe Places that have ike fame Latiltide 
and Longitude with any given Place. 
Bring the given place to the brazen incridian ; then all 
thofe places which lie under the faid meridian will have the 
fame longitude. Then turn the. globe round ott Its axis, 
and all thofe pbces which pafs under the fame degree of la- 
titude in the brazen meridian, that the given place does^ 
have the fame latitude. 

PROBLEM V. 

To find, tke Diftaiicc letween ant/ two Places an i 

Globe. 

Lay the graduated edge of the brafs quadrant of allil 

over both the places, and count the number of degrees i 

tcruDi 
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lercepted between them on tlic quadrant, which wilt be ihc 
diftance in degrees; and which muitiplied by 60, will give 
the dinance in geugraphical mites; btiC multiplkd by 69^ 
gives the diftance in Englifli mites. Or, ibediftance betweea 
the iwo placeii may be taken witli a pair of compalfcs, and 
that extent applied to (he equator, wilt (liow the number of 
degrees diftant. 

PROBLEM VI. 
The Hour of the Day at any Place being ^ven, tojiwi 
what is ihe Hour at any other Place. 
Bring the given place to the brazen meridian, and fet the 
index to the given hour; then turn the gluhe, until the place 
where the hour is required, comes to the meridian ; and the 
index will point to the hour at that place. 

PROBLEM Vir. 

Tofnd the Sun's Place in the Ecliptic, and kls Decli- 
nation, for any given Day in the Year. 
Look on the wooden horizon for the given day, and sgainft 
it there is placed the degree of the fign in which the fan is 
on that day at noon. Find the fame degree of this (igii in 
the ecliptic tine upon the globe, and having brought it to the 
brazen meridian, obfcrve wtiat degree of the meridian ftands 
over it ; and chat is the fuu'i declination, reckoned from the 
•quator, 

PROBLEM Vin. 
fo^find all tho/e Places in the north Frigid Zone where 
the Sun legins to Jhine conjlanlly, without fetling, 
on any given Day : which miijl be between the 21^ 
of March "«'' ' -'■ September. (See Fig. 3, 

Plate 
Ha ■ -en day to the 
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E "VII.) count as many degrees on the meridian from the nerth 
pole as »re equal to the fun's declination, and mark that de- 
gree from the pole on the meridian ; then turning the globe 
round on its axis, obferve what places in the north frigid zone 
fal'i direftly under that mark ; for they iire the places re- 
quired. 

The fame problem may be refolvetl for places within tb« 
foutii frigid zone, for the other haK of the year. 

PROBLEM IX. 
' To find the Place over which the S?m isvertical at atty 
Hour of a given Day. 
Find the fun's declination hr the given day, (by Problem 
I VII.) which mark on the brazen meridian; then bring ihc 
I place where you are, (fiippofe London,) to the brazen meri- 
dian, and fct the index to the given hour; then turn the 
^obe on iti axis until the index point to ii at nooa; aivl 
the place on the globe which is direftly under the p<Ma( of 
the fun's declination, marked upon the meridian, has the fii 
that moment in the zenith, or direftly vertical. 

Nbii, The hour i j at noon on the hour circle is the 
pcrmoft 12. 

PROBLEM X. 

Hating the Day and Hour of a Lmiar Eclipje^ to_ 

all thoje Places of the Earth to which it wiU 

v'lfille. 

When the moon is eclipfcd, (he is alwayt at the full, 
confcquently, oppoCte to the fun ; therefore, whatever part 
of the earth the fun is vertical to, the moon muft be vertical 
to the antipodei of that part; cotifequcnlly, the fua wiJI be 
viliblc then to one half tbe earth, and the moon to the other 
h^ilf. 

Therefore, find the place to which the fun is vertical at 

tbt ^vcn hour, (by Problem IX.] dcnte the pole to the 

latitude 
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btitude of that plaK, and bring the place to the upper part 
of the brazea meridian : then as the fun will be vilible to 
all ihofe parts of the globe which are above the horizon, 
the moon will be vifible to all thofe parts below it, at the 
middle of thccclipfe. 

PROBLEM XL 

To reSliftf ike Globe for the Latitude, the Zenith, a/id 
t/ie Sun's Place. 

Find the latitude of the place, {by Problem I.) and if 
the place be in north latitude, raife the north pole as many 
decrees above the horizon, counting upon the meridian from 
the north pole to the horizon ; but if the place be in fouth 
latitude, raife the fouth pole as many degrees : then turn the 
globe till [he place comes under its latitude on the brazen 
meridian, and fallen the quadrant of altitude lo the meri- 
dian, fo that the chamfered edge of its nut may be joined to 
the zenith. Then bring the fun's place in the ecliptic for 
the given day, to tlie graduated fide of tlie brazen meridian, 
and fei the hour index to 12 at noon, and the globe will be 
leaified. 
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PROBLEM XIL 

Having the Latitude of any Place between the two 
Polar Circles, tojind the Time of the Sun's R'fing 
and Setting, or the Length of the Day and Eighty 
for any given Day in the Year. 

RefHfy the globe for the latitude, and ihe fun's place, by the 
foregoing problem ; then bring the Aim's place in ihe ecliptic 
lo the eaflem fide of the horizon, a«:d the hour index will 
(liow the time of fun-riling; (hen turn the globe on its axis, 
until the fun's place comes lo the wcHerii fide of the horiion, 
and the index will then fliow the time of fuit-fetlin^ _ 




The hour of fun-fctttng bting doubled, gives the length 
of the diy ; and the hour of the fun-riling doubled, gives tbe 
length of the night. 



PROBLEM XIII. 

Having the Latitude of a Place, and ike Day of the 
Month, to find when the Murning Twilight begku, 
and Evening Twilight ends. 

Reflify the globe, and bring the fun's place in the ecliptic 
to the eaftern fide of the horizon ; then mark that point of 
the ecliptic which is in ihe weftern fide of tbe horizcin, 
which is the point oppofite to the fim's place; and lay the 
quadrant of altitude over the faid point, and turn the globe 
eaflward, keeping the quadrant at the fame mark, until the 
faid point on the ecliptic is iS° high on the tju ad rant, and 
the index will point out ihe time when the morning twilight 
begins; for the fun's place will be 18° below the eaftern 
fide of the horizon. Then, to find the time when the even- 
ing twilight ends, bring the fun's place to the wefiero iide 
of the horiaon, and the point oppufite to it, which was 
marked, will be rifing in the eaft; bring the quadrant over 
that point, and keeping it thereon, turn the globe weflward^ 
until the faid point be 18' above the horizon on the qua* 
draut, and the IndeJt will fliow the time when the eveniqx 
twilight ends; as the fun's place will be then iS° below ^c 
wcflern fide of the horizon. 

When the fim does not go iS" below the horizon of any 
place, the twilight coniinues the whole night in that place: 
atid between 49* of latitude, and tbe polar circles, the twi- 
light continues for feveral nights together, in the fummer fca> 
fon; and the nearer the place is to the polar circle, tbe 
greater is the number of thefe nights. 
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PROBLEM XIV. 
To find what Day of the Year the Sun heg'tns tofiim 
conftantly VJilhout fetting, on any gtveti Place in thf 
firigid Zone, and how long it continues to do Jo, 
Reflify the globe for ihe latitude of the place, and turn it 
about till fome point of the ecliptic, between Arici and Caa- 
ler, (if the given place be in the north frigid zone,) coincides 
with ihe north point of the horizon, where the brazen meri- 
dian cuts it. Then find on tlie wooden horizon, what ilay of 
the year the fun is in that point of the ecliptic ; for thai is 
the day on which the fun begins to thine conflantly od the 
given place, without fetting. Then turn tlae globe until 
fomepoint of the ecliptic, between Caaccr-and Libra, coincide 
with the north point of the horizon, where the brazen meri- 
dian cuts it; and find on the wooden horiton on what 
day the fun is in that point of the ecliptic; which is the day 
the fun leaves off conAantly (liitiing on the faid place, and 
rifes and fcts to it, as to other places on the globe. Tht 
number of natural days, or complete revoIulion& of the fun 
Bbom the earth, between the two days above found, is the 
lime that the fun keeps conlbintly above the horizon without 
fetiing ; for all that portion of the ecliptic which lies between 
the two points which Jnterfeft the horizon in the very north, 
never fets below it ; and there is juft as much in the oppofitc 
part of Ihe ecliptic that never rifes ; therefore, the fun will 
keep as long conilanily below the horizon of every place 
upon the globe in winter, as he it above it in fummer. ,i 

PROBLEM XV. '" 

Having the Latitude, the Sun's Place, and kis Altititde, 

tojind the Hour of t}ie Day, a»d the Sun's Azimuth, 

or Numler of Degrees that he is dijiant from the 

Meridian. 

Having reftified the globe, and brought the fun's place to 
height upon the quadrant of altitud^. 
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be on the eafteru fide of die horiioti, if the lime be in the 
forenoon ; and on ihe wetiern fide if it be afternoon ; thtn 
the Index will (how the hrmr of Ihe day ; and the niioiber of 
degrees in the horilOn intercepted between the quadrant of 
altitude and the Ibuth point, will be the fun's trut axiDfudi 
« thai time. 



lantjPart of the 



PROBLEM XVI. 

To^find what Hour of Ihe Day it is. 
World. 



Reflifytheglobe for Ihe latitude of the place; and having 
fet Ihe index to the hour of the day, lurn the globe, snd 
bring the places of which the hour is required, Aiccei&vcljr to 
the brazen meridian, and the index will point to the fevenl 
hours. For example : if the place be London, and the hoar 
13 at noon, the globe being re^i&ed for London, and Londos 
brought to the meridi.tn, and the index fci to the hour la, 
turn the globe, till Naples comes lo the brazen meridian, and 
the index then will point to the hour i ; Naples being 15" 
caftward of London. Then continue to turn the globe 15* 
further, and Peteriburgfi, Coiiilantinople, and Grand Coins 
will come under the brazen meridian, or very near it, tbea 
the index will point to the hour s ; thefe chfee cities having 
the noon-day Am about two hours before us in London. And 
turning the globe 15" further, the index will point to the 
hour 3 ; and all the places under the meridian u-ill have the 
fun vertical to them. And thus for every i;" of longitude 
eaftward, the inhabitants of thofe places have the fun an hour 
fooner. On the contrary, all the inhabitaols fituated to the 
weflward of London, have the fun later in the fame propor- 
tion ; that is, an hour later for every i ;" of weflem Iou^h 
tude. 



MoK of [he forgoing Troblenis may be refolved bjr a n 
5 well as a globe, though tfcs opention may be E 
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more tedious, particularly by Plate 10, where the two he- 
mifpheres of the world reprefent the furfacc of a lerreftrial 
globe ill pbno. 



WINDS. 

Winds are generally divided into two parts, atcording to 
(he differetit parts of the earth on which tliey blow ; being the 
tropical winds, or ihofe which blow t>etweeD [be two tropics, 
and thofe which blow without the tropics. 

The tropical winds generally extend to 30° on each fide the 
equator, and are of three kinds : 1. The general trade-witiii. 
a. TUe nmtfoms. 3. The Jia anJ Itnd irciKct, 

1. The trade-winds blow from nonh-eafl on the north fide 
of the equator, and from the fouth-eafl on the fouth fide of 
the equator, and near the equator ain^oll due eaft ; but under 
the equator, and frani z to 5° on each (ide of the equator, 
the winds are variable ; and fometimes it is calm for a month 
together. 

3. The monfoons are periodical winds, which blow fix 
months in one direftion, and the other fix months in the op- 
pofice direSioa. At the change or ftiirting of the monfoons, 
are generally violent ilorms of wind, thunder, lightning, and 
rain, which always happen about the equinones. Tlie mon- 
foons extend about two hundred leagues from land, and are 
chiefly in ihe Indian feas. 

5, The fea and land breezes are alfo periodical winds, 
which blow from the land in the night, and bcft part of the 
tnorning; and from the fea from ten in the forenoon tU! fit 
in the evening. Thefc do not extend above two or three 
leagues from ftiore. 

Near thecoafi of Guinea, in Africa, the wItk) blows almoft 
<;onftanily from ihe well. 

Oh the tooft of Peru, in South America, the wind blow* 
conflanlly from ihe fouth-weit. 
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Between ihe (bird and teulh degree of fourh latitude, ihtf 
fouth-eafl trade-wind coniinues from April to 0£lober; but 
during the reft of the year, the wind blows from the north- 
weft. Between Sumatra and New Holland thii wind blows 
from tlie foiith from March to September; but from Septan- 
ber to April blows in the oppofite direflion. Bciweeti Afria 
and Madagafcar its direi^ioii U influenced by the coaft ; for 
it blows from ihe north-eaft from October lo April; 
from Ihe fouth-wcft ilie reft of the year. 

In the Indi.in ocean, to the northward of the third di 
of foulh latitude, the north-esft wit>d blows from Oi^eber W 
April, and the oppofite wind the reft of the year. Th» 
wiud blows nearly from the foLith in the fummer moni 
from the ifle of Borneo, along the coafl »f Malacca, as 1^ 
China ; and in the winter months it blows from tbe north 1 
faft. 

Ill temperate zones the winds arc very irrcgulart w 
no certain rule can be formed of their changes, fiul whi 
n-inds are violent and coniinue bug, it is generally fouud 
that they extend over a large traft of country ; particularly 
if they blnw from the 1101 ih or caft. By the mulliplicatioa 
and comparifous of meteorological ublcs, the ioUowii)g 
theorems have been deduced. 

In Virginia, the prevailing winds are between the ibaib- 
wcft, weft, north, and nonh-wefl; biH ihe moft fre^entU 
the fouth-wtft. At Ipfwich, in New England, the prevail- 
ing winds are the fame, but the moft frequent it the aortV 
weft. At Cambridge, in the fame province, the moll fre- 
quent 13 the fouth-eaft. The predominant winds of New 
Vork are the north and weft. And in Nova Scotia, ii6nh> 
weft. And at Hudfon's Bay, weft. 

It appears from thefe obfervations, that the wefterly wind* 
are the moft frequent over the whole eaftern coafts of North 
America; but in the fouihern provinces the fouth-wcA 
wind it predominant ; and the north-weft wind becomci gra- 
dually more frequent as we approach the frigid zo^e. 
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In Egypt, from May xo September, inclufive, the wind 
blows almoft conftantly from the north, varying in 3 few 
points from eaft to weft, in the months of June and July. 

In the Mediterranean fea the wind blows nearly nine 
months of the year from the north ; and at the equinoxes there 
is always an eafterly wind in that fea. But in the firaits of 
Gibraltar the winds arc either from eaft or weft. 

In Italy the prevailing winds differ confiderably,accotding 
to the fituation of the places : at Rome and Fadua ihey arc 
northerly ; at Milan eafterly. 

The prevailing wind in Spain and Portugal is the weft ; 
particularly on the weflcrn coalls of ihefe countries ; but at 
Madrid it is north-caft. 

In France, along the whole fouth coaft of that country, 
the wind blows mod frequently from the north, or north- 
eaft and north-weft. On the weftern coaft of the Nether- 
lands, as &r north as Rotterdam, the prevailing wind is the 
fouih-weft. 

From the regiftcr, kept for the fjiace of ten years, by order 
of the Royal Society at London, the average of the winds at 



1 

1 
^ 



that plac 






South-weft 
Norlh-eaft 
North-weft 
Weft 



n the following order : 

Dayi. Winds. Daj-s. 

1 13 I South-eaft ja 

58 Eaft sG 

^o I South 18 

S3 1 North 16 

It appears from this regifter, that the fouth-weft wind 
blows at an average more frequejitly than any other winds, 
during every month of the year, but particularly in July and 
Auguftj and the north-eaft blows mod cooftaiitly during the 
month? January. March, April, May, and June, and molt 
fcldom during February. July, Sepiember, and December; 
and the north-wefl blows more frequently from November to 
March ; and more fcldom in September and OiVober than 
in any other monthj. 
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Tides. 

The tide is that rife and fall of the water obferved on all 
maritime coafls- 

Ii is obfcrvable, that on the fliores of the ocean, and in all 
bays, creetts, harbours, &c. which have a free communjo- 
ticin with the ocean, the waters rife up above a certain mean 
rate twice a day, and as often fink below: this is vifaotn 
called the /oorf and di ; or an high and low water. Th» 
whole iTiterva! between high and low water is called a tide i 
the water is faid lojlew and to M ; and the rifing is callel 
the/oe^lide, and ihe felling Xheeii lide. 

This rife and fdU of the waters is very variable in quan- 
tity. Thus, at Piymouih it is foraeiimes twenty-one fcet 
between the greateft and leal! depth of the water in one d«y, 
or between high and low water j and fometimes it is oalj 
twelve feet. 

The greateft flow of tide in any place is called ^Jprimg tUe, 
and the lealt flow is called a niaf tidt \ and the differeot 
heighiB of the tide gradually increafe every day from a oca)) 
to a fpriiig tide ; and then gradually decreafe from a fprinj 
to a neap tide. 

The wiiole time between the fpriug and neap tide if 
about fifteen days; and two of thefe intervals will make aa 
exafl lunation, or change of the moon. For the fpring tide 
ia obferved to happen at a certain interval of lime (generally 
between two and three days) after ihe new or full moon; 
and a neap tide at a certain interval after the half roooHf 
Thus, the high water happens at new and full moon, when 
the moon has a certain determined poiiiion with refpeft to 
the meridian of the place of obfervalion, preceding or follow- 
ing the moon's fouihing a certain interval of time j which ii' ■ 
always couftajit with rcfped to that place, but very d 
in different places. 
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The interval between two fucceeding high waters i» very 
viriable. It is leaft of all about new and full moon, and 
greateft when the moon is athcr quadratures. As two high 
waters happen every day, we may call the double of their 
interval, a tide day. Now, this tide day is'fliorteil about 
new and full moon, being then about 24 hours and 37 mi- 
nutes; but longeft at the moon's quadratures, being then jj 
hours and 27 minutes. 

The tides, being in firailar circutnftances, are greateft when , 
the moon is at her lead diftance from the earth j and leaft, 
when (he is at her greateft diftance from the earth. 

The fame may be remarked with refpeft to the fun's dif- 
tance. Thui, the greateft tides are obferved during the 
winter months in Europe, or when the fun is at bis leafi 
diftance. 

The tides in every part of the ocean increafe as the moon, 
by changing her declination, approaches the zenith of that 
place. 

The tides which happen while the moon is above th« 
horizon are greater than ihofe of the fame day, when the 
moon is below the liorizon. 

Thefe are all the regular phenomena of the tides. They 
are of the utmnft importance to all commercial nations, and 
have therefore been much attended to by all navjgatorf and 
ajlronomcrs. 
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THE GRAND DIVISIONS OF THE EARTH. 



ipal diviltons of ihe earth, as before meoiionei^ 
land and water. 

great continents, befides 
:(teni comiueHts. Tb» 
ito the followiug parts: 
Ada on the Dortfa-ca^ 
on the fouth, being joined to Afia by the Ifthmut 
hich is 60 miles over. The weftern contioent 



THSpni 
are, ii 

The land is divided into tH 
iflands: viz. The eaftcni and 
caftern continent is fubdivided 
viz. Europe on the north-wef 
and A/ri< 



conlifts of North and South America, joined by the lOfaniul 
of Darien, between 60 and 70 miles in breadth. 

Europe is again iubdivided into ihe following priQcipil 
parts, and is fituated between the tenth degree weft longitule 
and the fixth-fifth degree eaft longitude, and between the 
thirty-fixth and feventy-fecond degree of north latitude. It 
is bounded on the north by the Frtizen Ocean, on the eait 
by Afia, on the fouth by the Mediterranean Sea, which 
divides it from Africa; and on the weft by the Atlantic 
Ocean, which fepa rates it from America; being 3000 miles 
in lengtli, from Cape St. Vincent in the wefl to the oioutfa 
of the ri^er Oby in the north-eaft; and 2500 miles bfa^ 
from north to fouth, from North Cape in Norway to Cape 
Cayha in the Morea, the moft fouthern point of Europe, 
It coatains the following Hates and kingdoms : 
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Beiidn tlic fnregoing {tates, Ei^rope caiitajiit fevcral iflandi, 
of which the fotlowingarethe principal. 
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ern Ocean 
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Levant Seas 


Patmos, Paros, Ceri^o, 
Santorin, &c. being 












part of Ancient and 
Modem Greece 










- 


Furkty 














Afia is fnw 


ted between a; and 180 degrees 


J^ na Ion. 1 


jitDdf, and between the equator and 80 degrees north 


latitude ; being about 4740 miles in length, from the 


Dardanelles on the weft to the eaftem fliore of Tartary ; mad 


about 4380 in breadth, from the moft fouthern part of 


Malacca to the moft nonhem cape of Nova Zembla. It b 




ii fepanted from Africa by the Red Sea, and from Europe 


by the Levant or Mediterranean, the Archipelago, the Hel- 


' lefpont, the Sea of Marmora, the Bofphoms, the Bbck Sea, 


the river Don, and a line drawn from it to the river Tobel, 


aOd 



^^m'^T's^^mm 


^^ 
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and from thence to the 


river Oby, which falls into the Frozen 




Ocean ; on the caft it i^ bounded by the Pacific Ocean or 


South Sea, which feparatcs it from America; and 


on rb« 




fouch, by the Indian Ocean : thus, it is almoft furrouoded 




by the ka. The priocipal divifions are as follow : 




A TABLE OF ASIA. 






N^r»<u. 


■5 


1 


^'^'/"'-■il 


Gnnt^kh. Gnatmitk. 










D. M. S. 


D. M, s'h. M. S. 




■ f Indepcndtnl 


B».rf.,,« 


Samarcand 


J9 S° " 


(S9 04 36 obrf, 






rf^ .k.fi 


Hbit 


J7 


B 05 40 ob«f- 






S S Chinefe 




Chynian 


48 c 


.» 08 4 obef. 






■^rUiU. 


Tobollki 


la ., 18 


C8 11 4S4 J8 4il>rf. 






Perfia 


IJOO 1100 


irpahan 


3» 35 


51 40 ois 31 iobrf 






flndii 




SiamoIPiTBU 


1+ 18 








i'X."'} 


iini!" 


Delhi 


iS 10 c 


79 IS 05 .6 obcf 






China 


1440 




Pekin 


J9 54 30 


m6 14.5 


7 4S 37bef 






Georgia 




140 


TeSIl 


4,3 


46 <S 


J 10 M 








360 


300 


Erzcium 


19 56 35 


48 35 45 


i <4 i3>''f 






Diirbre 0. 1 


Sfio 


I'O 


BigdM 


33 w 


43 4* 3° 


MS (M 


A 




N.u.Ua 


J50 


)88 


fBurfa or 
ISmyinl 


38 18 7 


35 ao 


2 It labet 


V 




Palcftini 


no 


9C 


Jenitalcni 


S' 55 8 


»7 '9 45 


■ « .iW 






Byri« 


l^o iSolAleppo 


35 45 * 


37 JO 


, 1, .okf 






Part Df Aiabia 


1 300 noo Mecca. 


»i 45 c 


40 55 


» 5* ol«f 
















I 






1 




■ 


m 


d 


1 



p 


1^6 OF GEOGRAPHT. H 


i 


^Jiatic IJlands in ike Indian and Pacific Ocean. | 




iji««Ji. 


T..... 


B«/«p^W 


New Holland 


yydney Cove 


Englifi* 




The Japantfe liles 


)eddo and Meaco 


Dutch 


« 


TheLadrone* 


Guam 


S|>aiii 




Formofa 


Tai-oBan-fou 


China ' 


' 


Anian 


Kiontcheow 


China 


■ 


The Philippines 

Tte Mohicca or Clovt 


Manilla 


Spain 






Illes 


Vidoria Fort 


Dutch 




The Banda or Nutmeg 








lOes 


Lantor 


Dutch 




Ambovna 


Ambovna 


Dutch 




Cclebc^s 


Macarfer 


Dutch 




Gilolo 


Gilolo 


Dutch 






Borneo Cay ton gee 


Several Naiiom 




Achen & Dencoolen 


EngliJh Zl Duieb 




Batavia and ijani.tn 


Dutch 










h 


Nicobar Ifles 


Andaman, Nicobar 


Several Nations 




Ceyion 


Candia 


Englilh 




The Maldives 


Caridon 


Englilh 




Bombay 


bombay 


Engiiflj 




The Kuriie IAm in the 






1 


SeaofKamfchatlta,dir- 








covered by theRu'fliansI 


_ 


Ruflia 




New Gi]inea, New Britoin, New Ireland, New Hebri<les, IH 




New Caletlwia, New Zealand, and the Friendly, Sand- ■ 


: 


wich, and Society Iflands, are uncoloiiir.ed. ' ^| 


' 




' ■ 


' 


Africa, the tiiird grand divifion of the glc 


be, is gcneraUy H 


reprefejiied as bearing fume refemblance lo the form of a ^| 


pyramid, whofe vertex or point is the Cape of Good Hope, fl 


and it) liafe the (liores of the Mediterranean Sea. It is 4 ^| 


petiinfiila of great extern, joined to Afia by the Ifthmus of ^| 


Suez : its greatefi length from north 10 fouth, from Cape fioiu ^| 


in the Mediterranean, to the Cape of Good Hope, is 4600 ^| 


miles ; and the breadth, from Cape Verd lo Cape Guardafui, H 


is 3500 miles. It is bounded on thenorihbv ihe Mediterra- H 


' nean Sea, which ftparate* it from Europe ; on the eaft by the H 


l&hmm fl 



1^ U«vb!£m;9^^^H 
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Ifthmus of Suez, the Red Sea, and the Indian Occao, which 


1 


divides ic from Alia ; on the fuuth by the Southern Ocean ; ^H 


and on ihe wefl by the great Atlantic Ocean, which feparates ^^M 


it from America. ^H 


Very few travellers have penetrated into the interior part ^H 


of this quarter of the world; confcquently we ftill retnun .^| 


ignorant of tlie bounds, and even of the names of many of ^H 


the inland parts ; but, according to the beft accouiiLs, ic is ' ^| 


divided according to the following table : 
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fn 
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|3 Tiipoli 
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Tripoli 


31 SO oN 


11 JO oE 
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r=grf« 


Jl 40 oN 
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14 aft. 




NegroLnd 
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Guinea 
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J 40 oN 


5 4 oE 
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e a. f Nubia 
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600 


Nubia 


17 ooN 


3J ooE 
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Goodai 
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IS oE 
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3 a tAbex 


.'4° 




DoncaU 


IS 60N 


39 oE 


. 36 brf. 




The middle parts, called Lower Ethiopa, are very little 


known In Europeans, but are compuied at one million two 




hundred thoufaod miles. 




Loango 


S,o j;oiU,ans>. 


5 ooN 


1. oE 


44 bcl. 


CODga 


640^ 4:0 |Si. S^ltador 


5 OS 


15 oE 


1 I tief. 




An^DU 


460; 150 !Loan.)o 


8 JO oS 


1+ 30 oE 


Q 5S brf. 




Bengnela 


4ja( IB* jBcnjud* 


11 oS 


14 30 oE 


OjSbBf. 




Maumsn 


45°' =40 


No lowiu 










Ajan 


90v| 300 


B,a.a 


I c oN' 


4S ooE 


3 obef. 




Zanguebar 


1400. 3.;(i 




IS ooS 


♦S ooE 


140 brf. 




Monciujupi 


s6o 640 








t 18 l.=f. 




Monemugi 


900 SSo 


Chicova 






1 +4bcf. 




Sofala 


480 500 


^[ola 


ra cS 


36 40 oE 


1 16 bLf. 




Tctra dc Nat»l 


fioo 130 


No (own 










Cjfftarii, or \ 


;o8 «6o 


/Cap, of 1 
\G. Hope/ 


J3 S5 oS 


iB 13 oE 


1 ij bef. 




^VO^I^^^^^^ ' ^^J*^^^^ 


^ 




OF GEOGRAPHY. 



If^nJ,. 



Babel Mandel 

Zocotra in the Indian Ocean 

The Comora Ides, ditto 

Madagafcar, ditto 

Mauntiuj, ditto 

Bourbon, ditlo 

St. Helena, in the Atlaij. Ocean 

Afcenfion Ifle, Ditto 

St. Thomas 

St. Matthew, ditto 

Anaboa, Princefs IHaads 1 

Fernandogo, ditto J 

Cape Verd Iflands, ditto 

Goree, ditto 

Canaries, ditto 

Madeiras, ditto 

The Azores, or Weftem"\ 
Ifles, which are at an I 
equal dlftaoce from tii- > 
rope, Africa, and Ame- I 



Babet Mandel 
Calaufia 

St. Auftin 
Mauritius 
Bourbon 
St. Helena 

St. Thomas 



French. 

Ditto. 

EngliOl. 

UninhalMted. 

UaiiihatutK}. 

Portugucfe. 

PortugueCe. 

French. 

Spain. 

Portugiwfc, 



Portugucfe 



America, the great wefiern continent, called the New 
World, runs north and fouth through every habitable climate 
Upon the earth ; extending from the eightieth degree of 
north latitude to the fifty-fixth degree of fouth latitude ; and 
its breadth, where it is known, extends from the thirty-fifth 
to thp one hundred and thirty-lixth degree of well Inogitntlc 
from London ; being near qooo miles in length, and 3690 iq 
breadth. £x:eoding iiitu both the hemilpheres, it has c 
fequently two fuinmcrs and two winters, and has all ihe t»- 
licty of climates to be met uith on the face of [he earth. Oq 
the eaft it is bounded by the great Atlantic Ocean, which *fi- 
vides it from the eaftern continent. On the weft it has tb* I 
Pacific Ocean, or great South !^ea, whicfi feparates ii fron 1 
AGa. Il is compofed of two parti, called North and Soui|k \ 
Aincrica, joined together by a narrow neck of land, » 
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1 


' the Ifthmus of Daricn, in the kingJom of Mexico, 1500 


1 


■ oniles long, and at one part being only 60 miles in breadth; - ^M 


1 fo that M eff^a a com muni cation between the two oceans is H 


by no means difficult. In the great gulf, which is formed ^H 


between iht iffhmus and the northern and fouthern conti- ^M 




ll dies, in con trad iftiniS ion to the iflands of Afia, beyond the ^^M 


■ Cape of Good Hope, whfch arc csllcd the Eaft Indies. The ^ 


■"^raod dlvifions of Norih America are aa 


olbws: 








■ Noi'l/i America. 




;c««.,v,. 


■a 


1 


Cii-/ T.w«. 


La/il-Jr. 


Un^itudt 






t 


J 


« 






Gu'^M^t 






Nc* BdWin 


W,r *«t™. 




0. M. S. 


U. M. S. 


.l.M. S. 


Canada 


830 




Quebec 


4* 55 N 


*9 5J oW 


+ 39 JO aft. 




No™ Scotia 


}S= 


150 


HaiiliiT 


44 45 0^ 


64 JO oW 


4 IS oaft. 




Umicd Stua 


ijje 




PhilBrtcTphia 


i9 <7 oN 


7S 80W 


i oaft. 




Eaft Florida t 
Weri Florida J" 


,L 




J St-Au^lline 
IPenlacola 


JO 8 cN 


bT 10 OW 


S »5 oaft- 




JOO 


440 


JO 31 oN 


B7 ao cW 


5 49 oin. 




tou,.-.ana 


JV«fc»™. 


New Oilcans 


30 oN 


87 J oVV 


5 48 out 




N. Menco T 
and > 

California J 




1600 


tSt. Juan J 


J5 J'oN 


.OS ooW 


7 oaft. 




Mexico, or ' 
New Spain 


J0« 


600 


Muico 


19 5+ ON 


100 s oW 


i 40 aafi. 




South America, 


Terra Firma 


1400 


700 


Panama 


8 48oN 


80 iM oW 


5 ai oaft 


Peia 


.wo 


5CQ 






76 4S, oW 


5 7 oaft. 




Amazonia 




s6o 












Goiaa* 


7Se 


480 


fSnrinan. 
ICayenrK 


4 56 oN 


55 30 0''' 
5: IS oW 


3 41 oaft. 
J 19 oaft. 




Braail 


iS^ 


700 


/Sc. Scbafllan 
tSi.Salvadore 


;;--:! 


+4 16 oW 
38 oW 


1 57 oaft. 




Patapiay. "l 






f AlTbmption 
^and Bue-l 


J4 >o S 


«0 40 oW 


4 3 eafi. 




J. <5=o 
U Plata J 1 


.000 


1+ 35 S 


58 j' oW 


J 54 oaft. 




Chili liaco 


Soo 


Si. Jflgo 


5J 4° ° ^ 


77 oW 


5 8 oaft. 




Terra Ma- -) ■ 

Bit?.-"}''"' 




r UncoloniCtd 
i by 
(.Emoptaoi. 










JOO 










1 ^^i^ 


■ 
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Oratid Divijions of South America. 





^ 


^ 




D,>»rti W 








i 


Chii/Tim. 


9«,««/,™ 


Brb^l,^ 














Icrra Fiima 


l+OC 


TOO 


i-an-ina 


4650 S. W. 


Spai^ 




iBc- 








Ditto. 














Guianm 


TSc 


680 


{l:™™}!.-^-"- 


Dutch. 
FtciKh. 


Bmzil 






Si. Scbaftian 6000 S. W, 




UPUu 






Bufiio^ Ayrei.eoiO S. W. 


Sp*in. 


:hlli 








Ditto. 


rciij Mjsellsni-l 


.400 


460 


1 





Tk 



OF 6E0GBAPHT. 



The principal } 



•nds in Narlk America belonging (p 
the Europeans. 



/J.ihJi. 


! 


1 


Ci«/r™«. 


Brhngi la 


^ s 


Newfoundland 


3S0 


20O 


Placeniia 


England 


u| 


Cape Breton 




80 


Louilb\irg 


^itta 


a 


S(. John 


6o 


30 


Charlotte 


Ditto 


„ 1 The Bermuda 1 
S 1 lilts } 


rJr 


- 


St. George 


Ditto 


a; iTbeBahamjIllei 


- 


_ 


Nairail 


:jitto 




Jamaica 


140 


60 


ICingfton 


3itto 


1 


Barbadoes 

St. Chriftopher's 




14 


[iridgetowo 
BaiTe Terre 


Ditto 
Ditto 


20 


7 


< 


Antigua 


30 




St. Joliii's 


Ditto 


4 


Nevis 


6 


3 


Charleftown 


Ditto 


1 


Montfcrrat 


! 


4 


Plymouth 


Dltw 


i 


Dvbuda 








Dioo 


Anguilia 


30 


10 


-_ 


Ditto 




Dominica 


2g 


'3 




Ditto 1 


1 


St. Vincent 


24 


iS 


Kine«on 


Ditto 


*_ 


Granada 


io 


'S 


St. George 


Ditto 


■e 


Cuba 


700 


go 


Havaiinah 


Spain 


1 


Hifpaniola 


450 


'SO 


St. Domitigo 


France 


PonoRico 


100 


49 


Pono Rico 


Spain 


1 


Trinidad 


<jO 


60 


St. Jofcph 


England 


£ 


Margarita 


40 


33 




Spain 


^ 


Marti [lico 


60 


30 


St. Peter ■ 


France 


1 


Guadaloupe 

St. Lucia 


4S 


38 


Baire Terre 


Ditto 
England 


Tobago 


31 


9 




Ditto 


St. Bartholomew 








Sweden 


i 


Dcfeada 


- 


-, 





France 


1 


Marigalante 


- 


- 


— 


Ditto 


s 


St. Euftatia 




' 


The Bay 


Dutch 


s 


Curaflbu 


3C 




— 


Ditto 


1^ 


St. Thomas 


s 






Denmark 


St. Croix 


30 




Bairc End 


Ditto 



I 




r 1 
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I (hall here fubjoiii a table of the fupcrficial content of .the 


1 


fcieral parts of ibc globe in fquste miiM, accounnng 60 ■ 


""■-"""■■•"■ 1 






Sp«rf MHi,. 


///«^. 


fc 


/"—A. 


S 




TTie Ulobe 


■yV.J'-'.S*: 


(I^uba 


i*,400 


Ku,«„ 


^ 




Scu and unO 

fcnownr'.n!/ 


iCo,S",oi6 


HiIp«.ioh 


36,oot 


Vv-c 








rhchibiublel 
World / 


3^,990,567 


NnrioumlliDd 
Ceylon 


iS.SOo 


RhoHcs 
Ce,'.ittloBta 


Ifc 






Europe 


*.4S«.0ft5 


IreUnd 


:7.+5? 


An.h^™ 


t(X 






ACa 


.0.768.8=1 


Formofe 


i;^oo 


, Orkney' 








Africa 


S,«54.Cc- 


AnlMi 


11,900 


Pomona 


3M 






America 


I4."='.«74 


Gilold 


10.400 


Scio 


io 






PerlijnKmp.- 
under Dariut ' 


i.4iO,goo 


S.tily 


9,4^0 


Uartinico 


tk 






rinrnr 


7.SC0 


Umoos 


at 






Koman tlmp. 




Sardinia 


6,600 


;Coi'u 








initspoit. 


i.fiio.oco 


Cypro. 


6.303 


Pro.ideaoB 


\t, 






td bcighi 








■te 






Ruinin 


4,i6i.*S: 


F."!^ 


6.000 


[Bo^hcto, 


I<C 






Chmtfe 


1.749.0C"-' 


Cefaro 


5.40" 


W>Ehc 


ii« 






G«4l Mojttl 


i,.rS,ooc. 


Bfeton 


4,000 


MalW 


•^ 






ruTkiih • 


'j^fin 


Sncoiik 


3,600 




1^ 






Preftnr Petfia 


Socyjoi 


Candia 


3,110"Zant 






j 


llLflSDS. 




Roito Rico ' 


j,2co Aniigu* 








MadaKifcai 




Corfca 






1 


i6B,occi 


ZeaUna 


1.935 


r phft ■ 


Sc 






Sumarta 


.15,000 


Majorca- 1 


.H06 


S.. Krlate 


Be 


\ 






1 18.000 


St. hp, 


.,400 


Gucwfc* 


is* 

14, 






Greai Btita'n 


7i,yi6 


Negrcpurt 


■.300 


Jerftr 






Celebca 


68,400 


Tencriff 




f?^^' 








ManilU 


58,5^0 


Gothland 


1,000 


ti 






icdund 


46,000 


Madeira 


IS 






■ 




Terra del Fn-l 




St. Michael 




j 


n 




4i.07i 


Sfeye 


900 






H 






*9,:oa 


Uici« 








■| 




There are aifo federal other coiifider-ble illariJ.. chiefly ia 


] 


tKc Soutb Sras, ihe iksA dimenfions of which ara not c^-t '^| 


tainiy known, but they may be ranged according lo'Aitif1^| 


magiiimde in tbe following order: New HoWitia' htitt^',^ 


nearly equal i 


n fiM 10 the whole continent of Europe, 


. -;■ 


h 


_ 


Nr 


1 
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New Hollwd. 
New Guinea. 
New Zealaoil, 
New Caledonia. 
Ne«- Hebridei 



Ouheiic, or King George's 

IQand. 
Friendly lIlaDdt. 

Marquefas. 

Eaftcr, or Davis'? Ifland. 



SECT. IV. 

•r THE DIPPSRENT OOTfittMMENTS OP THE WORLlJ.^ 

Mahkind were no fooner united inio civil focielies, than 
(hey difiiovereil an inclination to opprcfs each other. Thai 
fyflem of equality, in whitih they were left by nature, gave 
the flrongeft, and the moft ctafiy, the advantage over his 
weaker and undeligning neighbours. Frcmi hence arofe the 
neceflity of firming conjumftions of feveral individuals, oe 
families together, who fliould implicitly follow ibc diftates 
or commands of fome cliofen fnperior, or leader. And, to 
prevent the altercations, flrife, and confequenily bloudflied, 
that inevitably followed the nominarion cf every new leader, 
or prince, ihey caufed thr office to be made hereditary. Coji- 
fequently, abfoluie and hereditary monarchy wa? the firft 
original form of government ; ai appears from facred writ; 
where Nimrod is reprefenled by his courage and dexterity to 
have acquired a fuperioriiy of feme and power ahove his con- 
temporaries ; apd he founded, ai Babylon, the firft monarchy 
whofc origin is m?ntionfd in hiflory. 

In the year i^gfi before ChriA, the Greeks were the firft 

people who, by the advitic and public-fpirited endeavours of 

CecropB, and CraDaus his fuccefTor, fortned a regular 

(Quncll, for Aniphi<^/oa, one of iholc difiniereficd cha- 

fa£ten 




raflers who live for the good of the coniirunily of wMch he 
is a nipniber, fndeavored Co find an exii'.d.eiit !(• Unite the 
fcvera! independent kirigdotns of Greece into oit« body ; xDd 
ihus to put a Hop to ihofe fatal confcqueticri of mtcfttdc 
divifion, and civil tlifcord, which rendered titem a prerw 
each other, and an «fy conqueft in the invader. He, then- 
fore, engaged the kings, or leaders, of twelve djffeieiit citie% 
lo unite together for ttteir mutual ftcuricy and welfare. Two 
deputies from each city alFemblcd twice a year at Thcmx^ 
pylar, and formed the Amphjftyouic Council. In ihii tf* 
fembiy the geticral initi-cfts of the ^tes were diftufled. Aro- 
phiftyon, in order lo render ihofe feveral connexions mare 
durable, conneftea tliem wiih fcttgious charge, intrufting tfat 
care of the temple at Delphi, wiih the riches that accrued 10 
this place from tiiofe who confulled the oracles, to tlie an 
i!fo of ihefe deputies. Thi.s aflemlily was the ftrfl political 
eftablilhment of a plurality of power, that we have> anv au« 
tlientic acco.int of in biftory ; and gave an energy of aQJoa 
to Greece, which enabled tlicm to defend their liberty and in- 
dependence againft the great force of the Perfiims, 

This was the firft deviation from abfolute monarchy, le. 
eorded in profane hiilory ; from ihat time, various have "been 
the modes and forms of government in different uathMS' 
though, if we except fume prt of the Roman hiliory, Grtttt, 
and a few natinns of lefs note, the uionarchical f(im> of •»- 
the mofl prevailing for the next twa t] 



Athens is an inflance of the pernicious ciFei^s of divifiMifthil 
a (late ; and alfo difplays the benefits of unanimity, Theftu^ 4 
king of Attica, about the year before Cht ill 1234, perceiviu'j 
the danger to tvhich his country was enpoferi by this rwi 
fold divifion, endeavoured to forma conjunAionof tlie Dxtn; '1 
for iliis pur,''ofe he detached the leaders of the dilfrrent tri 
■s much as pofiible from the peo|ile they governed ; he ■ 
tifliAl the diferent courts ei!abllfhed in diS'ereHi pans df .' 
Attic* 
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Attica, and appointed one council hall, common to all tlie 
Atheolans. He eftablilhed a common form of religion, with 
certain religious ceremonies to be performed at Athens, the 
more effeftually to Arengihen civil allegiance; and by inviting 
' Grangers from all parts of tt^e world, by the promife of pri- 
viieges and proieftion, lie raifed the city to the higlieft pitch 
of hme and ptipularity. The fplendour of Athens ecUpfed 
(hat of all the other ftaies of Greece. 

This monarchy foon gave place to an overbearing influ- 
ence. Thcfeus had formed his kingdom iiito three dif- 
tinfl clafles; the nobles, the artizanji, and the hiifbandmen. 
Aod to prevent the increafmg power of the nobles, he grant- 
ed many immunities and ]-.rivileges to the two oiher cUfles. 
This fyftem of poliiics, in a few years, gave the two inferior 
clafles an opportunity of acquiring condderable property; 
and, confequeiitly, they became important members of the 
ftate; and, by their riches and independence, upon the death 
of Codrus, a prince of great merit, in ihe year B. C. io;o, 
they had power and influence enough to abolilh the regal 
power, under pretence of finding no one worthy of filling the 
throne of Codrus, who had devoted himfelf to death for the 
fafely of his people. Thus they proclaimed Jupiter king, 
declaring none clfe was fit to govern Athens. This was 
the 6rfl inflance of a republican form of government in 
Greece. 

From this period, fo various have been the modes and 
forms of government, that it is impalUble to diHinguiCli them 
all. Governments are generally divided into three diflinft 
forms, each of which has its partisans, viz. the mouarcbical, 
arillocralical, and democratical. 

The monarchical form of government Is, where a nation is 
governed by a king, or monarch; and is divided into two 
parts, cajled abfoluie, and limited, monarchy. Abfulute mo- 
narchy ^, where the fovereign is entirely unreftraincd, hav- 
ing the legiflative as well as the executive power. A limit- 




rd monarchy b, wheir the fovrragn is reftrained by oenaia 
h<r% bejvod which be cuumx pa^ 

A* tntbxncj la, wbere tfae kplluhv zod execurive stt- 
rbarity b vefted in the huidi o/ i fefeA natobcr of pcrfoni, 
gmcnlly dtkd nobttity ; tad id vbom tbe office is moltl? 



A 6ai>ocncy a dm ffiravtoeat in nhkb the l^t&tin 
and execudve authority it veiled in a cenain number of iii> 
dtviduils, who bold tbetr office by dcAioa ; aad generally 
eleAed by xbt majority of the Mtiaa n large. 

Fnxn the various mo(£ficaitaiH of ihcfe difTervnt fbmw of 
^venimeni, all die goveninmits of die earth are tonoe^; 
fome apprcocfaing nearer to odc, and foo>e to aaotlier form. 
For there is hardly a goremincnt ndfUng, that is oitirdy 
(idler 3D abfolutc moouchy, a pcrf eft ariflocntcy, or a com- 
plete republic 




OF RELIGIOM- 



RcLiGiftK Ucoevalwiihlheori^n of mankind : wIthMl 
it the prefent order of the uDJverfe would be entirely om> 
(nrncd ; and mankind, from their natural depravity, be mt- 
dered worfe than the moft voracious of the bnile creaxum. 

The diflinguilliing religions in antiquity were Judaifiis 
and Polytheifm, or Paganifm. 

But in moileni times the prevailing religions may bed- 
»idcd into the four following, viz. the Jewifli, ChriAho, 
Alahofnctan, and Pagan. 

Before 




Before treating of the four foregoing fyllems, it may 
be neceflary to premife the following general axiom, viz. 
That all fyftems of religion contribute more or lefs to 
the welfare of fociety. From hence we deduce the fol- 
lowing theorem ; that ^11 religion muft have fumcwhat in its 
origin of a divine nature, however it may be transform- 
ed, corrupted, or mifapplied, by the ignorance or artifice of 
its propagators. 

In cotifidering ihe JewiDi code of religion, it does not ap- 
pear a; a complete fyflem of religion, adapted to all countries 
and ages, but Teems particularly deligncd by the all-wife 
Creator, for the people to whnm it was fent ; for the age they 
lived in, being over-nin by idolatry; the circumftances in 
which they had lived in Egypt, and the means by which they 
were to form their new feitlement in the land of Canaan. 

From hence they were enjoined the obfer/ation of the fab- 
bath, in honour to that Being who created the heaven.s and 
the earth, with all the hoft of heaven; which hofl, fun, 
moon, ftars, &c. were worlhipped by the Egyptians as r'tr- 
nal bcingi. To prevent their communication with the neigh- 
bouring idolatrous nations, they were profcribed the ufe oi 
ceruin animals for food, and permitted others; that, by be- 
ing forbidden the iife of ihofe animals for food, fuch as the 
hog, &c. which the Gentile nations conGdered as the great- 
eft luxury, a perpetual bar might be kept up between the 
Jewi and Gentiles. And by being permitied to eat other 
animals, fuch as goats, Qieep, oxen, &c. which were wor- 
fliipped in Egypt, and from which ihe Egyptians religioufiy 
withheld atl violence, the Jews would foon overcome any re- 
ligions prejudice! they might have acquired from the Egyp- 
tian idolairv. — The reftitution of property, in the year of 
Jubilee, which would anfwcr no purpofc in another ftate, 
was defigned to prefcrve the order of rank, and [hat divilion 
of property, origiually eflahl idled. 

In coiidefcenfion to their rude and grof^ noiions of D(it> , 
p.» lie 
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the Creator permitted them, in their wanderings ihrough the 
Wildernefs, to have a ubernacle, or portable temple, in which 
he fometiraes deigned to difplay foine rays of his glory. 

From this general view of thejewifh reiiginn, it appcan 
happily adapied to promote the welfare of its followers. 2a 
comparing it with other religioiu, it is necelTary t:> relied OB 
the peculiarpiirpofcs for which it waseftabiifhtd; which were 
principally two ; (irft, to prtferve the Jews a fi-'parate people; 
and fecoiidly, to guard them frum the idolatry with wtuch 
they were every where furrounded. The religion of the Jewc 
was not formed, nor defigtied, to be propjgaied ihrough tdl 
the earth [ that would have been iiiconliftent with the par* 
pofes for which it was indiluted : therefore we fee the Jewilh 
religion, though near four thou&nd years old, wants that 
cfTuutial altribuic for propagation, to be found in all other 
religions, viz, a difference of femiment, and, cnufeguendy, 
a divilton and fubdivilion inco dilferent fe^s. 

The Chriflian religion is to be confidcred as an improvr- 
ment of the Jewifli. The effe^i of the Jewifii religion were 
indeed beneficial, but were confined almoft .to them alone; 
whereas the cffefts of the Chriftian religion are extended to 
all mankind; reprefeniing them with true philanthropy as 
children of the fame God, and heirs of the fnme falvarion. 
It levels all diflinflioni of rich and poor, native and fij. 
feigner, as accidental and infigoificant diflinflions with that 
impartial Being, who rewards or punidies according to the 
demerits of his creatures. 

The precepts of the ChrifKan religion are more Inppil* 
calculated to ■promote ihe bappinefs of mankind, than tiiofe 
of any other religion. Its whole definn is to infpire mankind 
with mild, benevolent, and peaceable difpofiiioiis. Its diC- 
tinguilhing rule, by \»hich it excels all other religions, ij 
lis tm/a tliirj, as tne -woulJ thty Jhsuhl Jq uhIo us ; and i 
is ils purity, that ii does not allow an impure thought. It r 
quires its followers to abandon their vices, however dear ; 
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to join the cautious wifdom of ihe lerpent with tht ii 
fimplicity of the dove; And to prevent perfeverance hb^ 
immorality, it offers a pardon for ihe paR, provided thB>^ 
Qgender forfake his vicious practices. The pradiee and be- 
lief of the Gofpel have a peculiar tendency to raifc the mind 
above the trifling purfuits of time ; and to render its 
followers incorruptible by wealth, honour, or ple^fures. It 
only requires the Chriilian to abftairi from injuring his 
neighbour, but even enjoins him to forgive any unmerited 
injuries which he himfelf fuffers, upon the principle of bis 
being forgiven by his offended Creator, Ii rejirefents the 
Deity and his attributes in the fairelt light, fo as to render 
our ideas of him confiftem with the correft principles of 
reafon and philofophy. The rites of this gofpel are few and 
fimple; eafy to perform, expreffive, and edifying. It in- 
culcates no duties, but what are founded in the principles of 
hnman nature, and on the relation on which man ftands to 
God, as his Creator, Redeemer, and SaniEtiticr. ThcaflilhiRce 
of the Spirit of God is there promifcd to thofe who labour 
to difcharge ihe duties which it enjoins. It teaches us that 
worldly atBiAions are cafual accidents ; incident to both bad 
and good men ! a daSriiu highlji ennuraging la virim, cm- 
feting in affiiflim, fffuintbtg liejflair, fad ttKturaging in 
Jifficutly, 

Such are the precepts and fplrit of the Chriflian religion. 
And even thofe who have refufed to give credit lo its hiftory, 
and follow its doflrines, have acknowledged the excellency of 
its precepts, BoUngbroke, one of it" mofl zealous oppofcrs, 
feys, that " no religion ever yec appeared in ihe M-nrld, of 
which the naiiira! tenriency was fo much direcled to promote 
the peace and happinefa of mankind, as the Cliriilian; and 
, that the Gofpel of Chrift is one continued leiTon of the Und' 
eft morality, of juftice, benevolence, and onivcrial charity." 
Thus we can pronoUDce, with confidence, that the precepts 
of a religion, which is fo happily formed to promote all that 
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isjuftand beneficial 10 mankind, cannot but he in the higbeft 
degree divine. By reviewing the effc&s which it has pro- 
duced, wc (hall be more confirmed in our afTerrion. 

Cbriftianity has produced the moft beneficial change in thg 
eircumftances of domcfiic life. It has greatly contributed to- 
wards the aboliiion of flavery, and toward? the mitigarion of 
the rigours of ferviiude. We meet with no laws in Chrifban 
countries to inhuman as ihofe praftifcdat Rome; where rotf* 
ter? were allowed to remove their fick or infirn:i (liives to >r 
idand in the Tiber, tlicre to perifh without any alEftance. 
The rigours of (livery are eafed and aboliflied ; bo: by anjf 
particular precept of the Gofpel, but by the gentle and hu- 
mane fpirit which breathes throngh the general tenour of the 
whole fyftem. And though it may be objej^ed, that a trade 
io flaves is at prefent carried on by people who prefume to 
call ihemfdves Chriftians, and fanftioned by the legiflatuie 
of IbmeCbridian ftatesj yet it mud be remembered, that the 
fpirit of the Chriflian code condemns the praflice; and tbe 
true Chrillian will not engage in it. 

Chriftianity is alfo gradually foftening barbarous nationt 
into humanity. The influence of felfilhncfs has been checked 
and rellraincd. And even war, with all the pernicious ini- 
provementi, by which mankind has fought to render it more 
terrible, has afliimed much more the fpirii of mildoefs «id 
peace, than ever entered into it under the influence of Pa- 
ganifni. 

Thefe are a few of the excellencies of the Chriftian fjrdem. 
lis lad diftindtion I fiiall mention, is that of iia extending its 
benefits to thofe nations who have not received its doflrincs 
and precepis. The virtues afcribed to Julian the apofhue, 
are, no doubt, owing lo his acquaintance with Chriftianity ; 
and after the propagation of Chriftianity through tlie Roman 
empire, even while the purity of its doftrines was defpifed, 
it had a remarkable efFctt on the mannen of thofe uncon- 
veried 
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Terinl Pagans, who, in their religions doftrines and wor- 
fliip, became Icfs immoral and abfurd. 

Upon the whole, we tnuft conclude, that Chriftianity is 
infinitely fupcrior to every other religious fyftem, botli in 
point of its religious duiflrines, and the etFc^s it has produced 
upon fnciety. It h an univerfal religion ; fbrcned to exert 
'tis happy influence in all ages, and among nil nations; and 
has a tendency to difpel the (tiades of barbarit}' and igno- 
rance ; to promote the cultivation of the powers; of the human 
iinderftanding ; and to encourage every virtuous refinement 
in tnanners. 

As the Chriftian religion is deftined to be of an unJverial 
nature, and to be diflemiuatcd into all parts of the world ; 
fo, in order for its more cffeflual propagation, its ail-wife 
Founder has ordained that it (hall be divided into ditfercnt 
fefts and panies ; that the leaders of each being governed by 
B mutual emulation, might endeavour to propagate their re- 
fpeflivc opinions, and thereby form a grand junflion for 
' propagating a religion, the fundamentals of which would be 
ultimately the fame. 

The two principal fefls into which the Chriftian religion 
is divided, arc the Protcftant and Romifli churches. 

The Komifli church differs from the Proicftant chiefly in 
the following particulars: i. In believing every thing that 
was defined by the Council of Trent, concerning original 
£nand juftification. 3. In believing tranfubftantiation, or the 
converlion of the material bread and wine, given at the fi- 
crament, intotberea! body and blood of JefusChrift. 3, In 
the belief of a purgatory ; and that fouls are kepi prifonert 
'there after their departure from the body ; and that they re- 
ceive help by the prayers of the faithful, 4. That the faints 
reign together with Chrift, acid are to be wor'Qupped as me- 
diators for man. 5. That the images of Chrift, the Virgin 
Alary, and other faints, ihall be retained, and due honour 
3 aud 
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d veneration be given unto ihcm. 6. That the power of 
luigences was left by Chrill to the ciiurch. 7. Thai tt^ 
church of Rome is the mother and mitlrefs of all 
:hes ; and that lUe biftiop of Rome, or pope, is the ho- 
'cdTor of St. Peter, iheprinu of the apofiles, and vipi^pf 
Jefus ChriA on earth; and itiat he h infallible ua/i ff^ 
*indble. ■.,<.. J 

Thefe are the chief tenels'which dillingui(b the diuiEpl^^ 
Rome from the Protcftaiu church. The impLicitsbe^wMC 
which the followers of this church pay to their kadtes iv 
, been a loiirce of a very black corruption and error j of wfaifib 
lumeroue pirfccutioas of the Proteftanls ace an tmple 
But, on the other hand, it inufi be /atlQw^, ^|U 
s no religion fo zealous of propagating its <lo^kni>e(. 
nulfiunariea have been feat to all parts of tjtt leffltif, 
of whom, by tlietr perfeverance and libHemUnitoiff, 
i great an honour,, as otlitrs by their profligacy wev,€ 
ifgrace, to the csufe in which they were conceriKd. 
rrhe church of Rome is no* divided into two fe^j tiat 
dy dcfcribed, which prevails over moft pan& of Itily, 
n, and France, »afi fevers! other parts of the conti- 
of £uropc ; and the Greek church, which ctiSRurs fttm 
.iBie former in iiot aliowing the pope's I'gpremacy, no* wor- 
lAiipping iduk, though ihcy have riiany in their «i^iuclia^ 
'said in not enjwning their priefls to celibacy, 
ii:: The Protellani religion 'a divided into numerous C^Ha »"J 
-fERies : the two principal of which are the X-utbeniw aiyi 
jflte Calviiiifls. . , 

- The i.u them US main!ai?i, that man is a free agent, per- 
iiftly capable of performing good or evil ; that according to 
-hissftions he (liall be rewarded or puniilied herejfter ; thai 
■fc* i« .left at perfc-S liberty to choofe the good or evil ; aod 
^tat God has no ptedileftion for any particular prrApc: 
tfaatthefacrunent of iheLotd'srupper is nothing but a lUKp 
.mdiaiace. 




The Calviniils, on the contrary, afle", thai man is not a 
free agent, that he ha; jio power to perform iny gooJ aflion 
without the Spirit of God afliiling him ; that (rod, Accord- 
ing to hJa fore- know ledge, has elefled a certain iiumtxT ol 
individuals to be Cived : that he is the former of every good 
thought ; and faves the ele^, not from a;iy goodnefs iii 
ihemfclves, but merely from his own iiomcrircii mercy; 
confequently, that ChriUdid not die forall the world: that 
the facrament is a fpiriiual rite; thai liie bre"d ami wine is 
confubftantiated (not trarifubflamiaied) in s ipiritual nunnrx 
into the body and blood of ChriH. 

Bclides thefe two divlfiont of the Praleftant religion, ont 
or bnth of which prevail in moft Protcftiint countries on the 
continent of Europe, there are a great number of infcrioi; 
fefh in England, Am:rica, Hollniid, Gennany, and oilier 
parts, and fome of mem ^ery numcroiij; as the Qiiaker?, - 
Baptifts, Diflentcrs, Methodifts, &c. which are too well 
known to need any dElirriplion. Snflke it to fay, each ol 
them differs from the cftabliflied church, on acconni of fynic 
trifling errors, which they imgaine they hav« dneftcd in the 
national church. 

The next divJGon of religion ihat deferves our notice is 
that of Mahomet, which fiill makes fnch a canfj}icuou> 6gure 
in the world, extends over a large ira^ of couriTry, and h 
profefled by very powerful nations. Like the Jcwifti religion, 
it is not merely a fyilem of reli^ioiis ilo^riiies, and moral 
precepts ; but it fiirnis both the i;ivil iegiflature and rtligious 
fyftcmsof the nations by which it is prolrflcd. It alfo ap- 
pears to be rather calculated for one particubr period, in the 
progrefs of mankind from barbarity to reiiiiement, than fbt 
all ages, and all part^ of the world. 

In viewing thisfyfleni of religion, there are many parts of 
It which feem copied from tin: ChriHhm, the Jewifli, and tlit 
Pagan religiooi. It is difficult to tell which it. the greoicr, 
the purity of fome parts of this doflrine, or tht; ubfurdity of 
•Iherpans. « , k.^*"* ••-«> 



The greaicfl abfurdities,or that which tends mod effe^ually 
to promote impurity of mBiiners, are the Prophei'i ideas of 
heaven afid hell. Paradifc, or the place of future rewards, he 
nnakesEo abound with rivers, trees, fruits, and fliaidy groves ; 
wine, without its tnloxjcating quality, is to be tbere fervcd 
out to brlieven, who, as they enjoy perpetual youth, thdf 
powers of enjoyment arc to be enlarged and invigonun^ 
according to the delights ihey are to enjoy. Mahomet 
wlebntes the pearls and diamonds, robes of filk, palsos 
of marble^ difhe^ of gold, numerous attendants, wines, and 
dainties, with the whole train of fenfual luxury, refcrx-ed for- 
the faithful in thefe regions. Seventy-two black-e}'e«l dam- 
fell of rcfplendeni beauty, blooming youth, virgin purity, 
and eiKjuiiite fendbility, will be created for the ufe of (he 
meancft believer. A moment of pleafure will be prolonged 
lo one thoufand years ; and the faculties will be incrcaied a 
hundred fold, to render him worthy of his felicity. There 
are alfo certain more refined enjoyments ; as, believers arc to 
fee the face of God morning and evcnitig — a pleafure which 
is to exceed all the other pi eafu res of Paradife. 

In hell, the place of future poniflmicnts, the wicked are ta 
drink nothing but boiling, flinkiog water; eat nothing but 
briers and thorns, and the fruit of a tree tliai grows in ihc 
bottom of hell, whoie branches refemblc the heads of devilt, 
and whofe fruit fhall be in their bellies like burning pitch; 
they are to breathe nothing but hot winds, and dwell forever 
in continual burning, fire, and fmoke. 

Thus Mahometifm appears to be a flrange nuzrure of 
abrurdiiies, with a few truths and valuable precepts inooa- 
gruoufly intermixed, A great part of it is int'ompatible wiUf 
virtue, am! tlit progrcfs of knowledge and re^nement. It 
fubftitutes trifling fupcrftilioiis tercmonies in the room of 
genuine piety and virtue ; and prefenls fuch a profpeft of 
tuturiry, as renders purity of heart no necefTary qualification 
fnr feeing God. 

However, It;[aboincti{ai fonts in fbine meafuie a regulai 
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fyftepi of religion, a it has borrowed many of its precepts 
and doiflrines from both Judaifin and ChriOianicy, which are, 
however, greatly degraded and corrupted. It has, never- 
thelefs, confiderably coiilributed towards the fuppnrt of civil 
government inthofe countries in which it is eflablilhed. 

It is divided into a numerous party of fe^s, which, how- 
ever, differ fo little from each Other, as fcarcely to defctve 
mention in this place. 

Paganifm next deferres our notice. It was the moft pre- 
vailing religion of antiquity, and may be principally divided 
into two parts: — i. The Pagan religion of the ancient bar- 
barous nalions ; and, a. The Polytheifm of the more civi- 
lised Greeks and Romans. 

The Paganifm of the ancient nations prefents us with n 
mod Ihocking pJiAure of ignorance, fuperftition, and ab- 
furdity. We tliere behold the moft abfiird doilrines coa- 
cerning a future ftate. Various nations have imagined^ 
that [be fcencs and objeifts of the world of fpirits are only i 
Ihadowy reprefentation of the things of the prefeni world* 
According to them, not only the fouls of tneti inhabit thofe 
regions, but all the inferior animals and vegetables, and 
even inanimate bodies that are killed or deflroyed here, are 
fiippofed to pafi into that vifionary world, and exilling there 
in unfubftantial forms, execute the fame funflions, or ferve 
the fame puqiofes, as on earth. By this belief they were 
flimulated, on the death of a king or other great perfonage, 
to provide for hit accommodation in the world of fpirits, by , . 
burying with his corpfe, meat and drink for his fubfidenct^ 
flavesfor his atiendmce, and wives for his eiijoyme 
laithfu! fubjeifts vied with each other in their offerings upoil 
lEiis occafion; one brought a fervant, another a wife, a tbircl«. 
a fon or daughter, to accompany their monarch in his future 
Hate. Similar praiflices, on (he fame occaGon, i>revailcd in 
NewSpaio, in the iflandof Java, in tlie kingiloni of Benin, 
and among ibe inhabitants of Hindoflan. A like belief alfo 
prevailed among the J.ipanefe. They iiol only bribed ihcir 
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[>riefls TO foliLii for ihem a pUce in the biifsfiil manCons 
of ^turiiyi litit looking upon the prefi^nt lift wiiti dilguft 
and cmi:enipt, when fet in compEtiriun with the joys of 
futuritv, riifv uiixl W dafh thcmfelvcs from precipicM, or 
kUt their throtits, in order to get to Paradilc as Toon as peT- 
fiMe. Varioiii other luperflidons, fubfilling among rude 
nations, might here be adduced, as inflaiices of the perva* 
(ion of the religious principles of the human heart, wfaich 
render ilmn injuriont to virtue and happinefi. Iimumenkle 
are tlie ways of loniire which have been iiiivnted And prac> 
jifed oft thenifcNes by men ignorantly flriving to obudn the 
fnVoiir of Heaven. Thefe are fufficiciit prooft of religiotu 
ieiiiinients liaving been fo ill directed by the iiiDuence of 
iniagiiiaiion, and unenlightened erring nature, ^ded by the 
corrupt defigni of artful pritfts. 

The Polythtifm of the Greeks and Romans, though more 
favourable to virtue and civilization, than the Pagan oodoos 
•f antiquity, is yet a very imperfeft, not to fay a pernicious, 
code of religion : the vicioii! charafters of ihcir deities, the 
abfurd notions (hey entertained conceri<ing the government 
of the nntverfc and a future retribution, the abfunJiiies of 
their religious riles and ceremonies, the frivolous prafticcs 
with u'hith they were intermixed, mufl all togeilier have a 
great tendency to pervert both the reafoiiing and rooral 
principles of the human mind ; however, it cannot be de- 
,tied, that this fyftem was friendly lo tlie encouragement of 
arts j particularly of fuch as depend on the vigorous exerdoii 
uf a fine imagioaiion, as mufic, poetry, fculpture, archi- 
teflurr, and painting : all ihefe arts appear to have been can- 
fiderably indebted for that perfeflion to which they attainet^^ 
to Ihe fplenditt and lanciful fyflcm of mythology which v 
received liy ibife people, particularly by the Greeks. 

The effeft .if this religion, to reform the lives of its vo^ ' 
rariw. wa* very impcrti:^. Sacrifices and prayers, tentpln 
and frllivais, not purity of heart and iotep-ity of life, woa 

prcfcribcd for obiaiuing the &vour of Rieicdeidn^B 
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There werealfo other means of gaining admiffion into the 
Elyfiaii fields, or the feat of the councils of the Godi; but 
none of thefe means appear to have been thofe comman'ieil 
by the Chriftian religion. And whatever might be thf 
effefti of the religion of Greece and Rome in general, upon 
the civU and [Kiiitical eflabliniments, and on the manncrt 
of the people, yetU niuft be confefled to have been but ill 
adapted to imprels the hewt with fuch principles as might 
in all circuniftanccs direS to a firm, uniform tenour of 
righteous cnnduft, 

from this view of religion, it appears, that though forne 
particular forms, fuch as thofe of the ChrilUan, have had a 
greater infltience in reforming the manners of their followers ; 
yet as they all hnve often contributed to fonn the mind to 
virtue, it mod be acknowledged, thai they hava always, 
and under all iheir forms, been infinitely more bencffidal thaa 
kurtful to mankind. 

When we view the different fyflems in a comparative light, 
with refpefl to their influence on the «elfare of fociety, 
no one will hefitate to prefer the Poljlheifm of the Greeks 
iad Romans to the ruder ideas of the mora ancient Pagans ; 
and Mahometifin to the Polylheifm of the Greeks and Ro- 
mans: Judaifm is, however, greatly preferable to Maho- 
metiTm ; and Chriflianity to all of thrm. 




I 



. EtfKQFK, though the lead quarter of the globe, ii by hr 
the inoft eniiiieiit in modem hiftory ; and is at prcfc/it the 
mod difiiiiguillied pari of the globe for the literature, arts, 
and fciejces, to which it lias given brrth and encouisgn^ 
and fqr tbe learncil men it has produced. It is alfo the moll 
civilized quarter of the globe. Here are no public marli 
for buying and felliug the biimaii fpecies, as arc found in 
Afta and Africa, Tiie Chriltian religion alfo prevails hoe' 
almoft univerfallv. Its languages arc as mixed as its iabgt- 
bitantG, but all okrived from the fix followitig : viz, tbt 
Celtic, Sc la von ian,' Ten tunic, Greek, Latin, and Gothic 
It extends about 3000 miles in length, and z^oa in breadth i 
aud is divided into feveral kingdoms and flaces, as (ceq u 
the Table, page 133. 

The Bbitish Isi.es, lying on the weflern part of EU) 
confifl of Great Britain (ivhich connprifes England, Wideb- 
and Scotland), Irelandj and the Ifles of Man, Jerfey, Gueni- 
fcy, Alderney, Sark, and Wight. England lies between 50 
and 56 degrees north latitude, and between a degrees eaft, 
and 6 degrees jo minutes weft longitude j and is divided into 
forty counties. Its conftiruiion is that of a limited monarch)'. 
confiding of king, lords, and commons, with certain pn 
rogativcs sad privileges annexed to each. 

The legidative auihoiiiy, or power of making laws and 







failing money, is vcQci io there three branches of the go- 
VcrnmcQii anj each branch has a negative voice. 

The crown is made hereditary in the Hanover line, bf 
fyvenl afls of Parliameni, provided they do not prafe& 
Popery, marry Papifts, or fubvert the confliiotion. 

The peers are createdly the crown ; but their Lonouri 
pre hereditary, and cannot be taken from them any, more than 
their IJves or efbtes, unlcfs forfeited by the comruHioii of 
high troifon; and they can only be tried by the Hoiiie of 
Peers, being fubjeA to tu) other jurifdiAion. Thi^ Houfc 
h the lad refort in sU civil cafes, and tite highell court in 
the kingdom. 

Any bill for making a new law, or altering an old law, 
may be brnuglit in firft in the Houfe of Peers ; but a bill 
relating ro the revenues, or public taxes, muft be brought 
into the Houfe of Commons firft ; and it cannot be aliereJ by 
(he Peers, though it may be rejcaed. 

The Houfe of Peers caii apprehend and commit any man 
for a refiedion ou their judicature. 

The Commons are compofed of 658 members : viz. So 
knights, every county in England fending two, and elefled 
by tbe freeholders; ;o citizens, two being fent'from each 
of thai; cities in Et)gland (London fending four, and Ely 
none); 334 burgefTcs, from 167 bornughs, fending two 
each ; five burgefles, from the boroughs of Abingdon, 
Banbury, Bewdley, Higham Ferrars, and Monmouth ; lour 
reprefcntatives, from the two univerfitiei ; 16 barons, from 
the five Cinque Ports, Haftings, Dover, Sandwich, Romne)-, 
and Hythe, iad their three dependants. Rye, Winchelfeit, 
and Seaford; 13 knighii, from the 13 counties of Wales; 
13 burgefles, from the 12 boroughs in Wales (Pembroke 
fending iwo, and Merioneth none) ; 30 knights, from the 
flnres of Scotland ; 1 ; burgrlTcs, from the Scotch b 
and 100 members from Ireland. 

Wales is Gtualed onthe weAand nonli-well of Engbni), 

to whi(h it )9ins ; and is divided into 12 counties: it is 1 

priccipalitv ; 
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fuincipaljiy ; and always coiiGdcrcd as ihc. right of tlie 
King's eldeft fon, who is therefore titled Prince of W^alet. 
]t was peopled in the year 410, by the ancient inbabitauB 
of England, who fled thither fcoiii the perlecution ot tb# 
Pias and Scots. 

- Irelavd is fitiiated between fix and ten degrees of 1 
fcn^tiide, and between 51 and 55 degrees of north laticnile; 
Bounded by the eaft by St. George's Cliannel, or the Irilh 
Sea, M'hich divider it from Great Britain. It is dividrd prioi 
Cipally into four provinces: viz. Ulfter, on the nordi; 
LeiaAer, on the eail ; Munfier, on the fotitli i aud Con- 
naught, on the wefl. 

The climate of ihefe iflands is in general mild ioT' (be 
latitude, but verj' changeable, the weather never contiotdi^ 
K month [he fame, owing to the exhalations from the Jiir- 
caundicg fea, which render the air humid. But the Ail 
is in general fruitful, and has been of late ycaxn gTcady 
improved. 

Thefe iflands have feveral very good mines of tin, copper, 
iron, and lead ; gold has alfo been found in Scotland, in lulid 
pieces, in the brooks, after a great torrent. 

The chief manufafture of England is woollen cloth, wbfcll 
I i> accounted the Raple trade of the kingdom ; as linen dcAk 
^ J( that of Ireland. 

, Denmark, including Norway, is the moll northern kiaf- 
f 4*"^ of Europe, and includes Denmark Proper, the t«rritori«s 
I Jb Germany, Norway, part of Lapland, and feveral iflandt 
T }p the Baltic Sea, and in the German Ocean ; and extends 
flrom ji degrees of north tatiltide, to the far theft habttsbk 
Ejiartof the Ar^ic Circle. Denmark Proper is bounded an 
I the north by the Caitegate or Skaggerac ; on the foiith bw 
F pennany ; on the weft by the German Occ=n ; and 00 ih* 
^ ^ft by the Sound, 

The eftabliftied religion it Lutheriliti. The king is aWi>. 
jute, though in g-nerol mild in liis governtneni. It is di- 
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vided into two pvts, calkd Nonh Jutland and South Jul 
land. 

The air of this country U fliarp, but the exhalaiians froi 
the fea abate itt feverit/. The fummers are very (h on a 
hot, but the foil is in general fruitful, for a northern latitudq^ 
except on thetops of mountains. The manitfa^nres of thiM 
country are chiefly harduarei and ihelr aniflii and [necbk*« 
niu, iu every branch, are gener^illy tkilfiil. 

Norway ii bounded on the fouth by the Catiegate, oii>'* 
the weft and north by the Northern Ocean, and on the eaft 
by the mountains which fcparate it from Sweden ; and is 
divided into the north, ibuth, and middle divilions. The 
air of Norway is generjliy healiliy and dry in the inland 
parts of the country, but on the fea-coaii it is moid. la 
winter it i» cxceflively cold, the whole country being covered 
with fiibw 1 it is alfo very hot in the fummer. Their trade 
coniAs of copper, limber, iron, marbl^ niill-ftoncE, &(\iy 
fow!^ tallow, tar, oil, alum, viiriul, &c. Their language 
it the fame as that ufed in Denmark; and [heir religion it 
ihatof Luiiwrifn- 

;' Iceland is fituated in the Northern or Atlantic Ocean} 
being 716 miles in length from eal) to weO, and 300 in 
breadtii! extending from fixty>tbree to iixty-eight degrees 
«f north latiiude; and from fontteen la twentj'-nine degree* 
ef weft longitude. It has t miUer climate than any other 
f»untry in the fame latitude. It is a very mountainous 
QOuaVry, but well watered, with feveral large rivers. In this 
fouutry there are fome large fprings of boiling hoi water, 
the principal of which is Geyjier, near Skalhnlt. The water 
ifliies from this fpring feveral times a day, with a riolent 
noife, like that of a great torrent, fomeiimes rifing to the 
height of 60 failioms, and feldom lefs than 90 feet. 

Thereare alfo .feveral burning mountaina in this country, 
of which ihe moft reoLarliable arc, Hecia, Kotlegau, and 
Oraile, the eruptionsof which have fometjjiies done confi- 
(lirable damage. The inhabitants live chiefly by filliing, aaii 
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breeding cank, jttcodini; very lictle to agriculture. Thar 
commerce is mooopolizeil by ) Danllh company of i 
thauts, and coiififts Chiefly of fall meat, butter, tallow, oil, 
wool, fkins, furs, and ;> alben- The revenue aridng Jroin 
ihh country to ihe ijug of Denmark amounts to jo,ooo 
crowns fer oHmim. 
" GREEiit^dDls the moft northern boundary ofthr ktngof 
lenmark'i duminbiis; and is the ^nliil) part of the globe 
ho r;h ward which has been difcovereU. Eatt Grecnlantl tt,- 
lends beyond -6 degrees of iinrth latitude; and between lo 
tad 1 1 degrees of eaft longitude. There; are no Inliabitana 
tiere, except a few convicts tranr)>ortetl from Ruflia, and wIni 
pin their liberty by procuring (kins, furs, lu(ks of roorie, 
Xc. for the fovereign of Ruffla. 
' Weft Greenlond extends beyond 60 degreei of north latf- 
tude; and between j and jo degrees of weft longhude. 
There are a few Mlives who inhabit this cnuntr\-, and many 
ef whom have lately bccti converted 10 Chriftiinlry, by the 
Panifli and Moravian miflionarles. 
SwtDEN extends from 55 degrees iom!nntnto69 degrwi 
30 minuses north latitude 1 and from the tith to the 30th 
degree of eaft longitude. It is bounded on the Couth by 
the Baltic, the Soi'nd, and the Cattegate Sea ; nn the north 
by Danjfti Lapland ; by Kuffia on the eaft j and by tlw 
mountains of Norv ay on the weft : and principally <lmded 
into fctffo provinces: vix. i. Sweden, properly fo cillcd, 
lying between Norway and the Gulf of Bothnia ; a. GoAnta, 
or Gothland; 3. Livonia, on the fouth of Finland Ou1f{ 
4. Iiigria, on the nonh-eaft of Livonia ; j. Finland, oq the 
eaft iide of tlw Gulf of Bothnia; 6. Swedilh Lapland, ii) 
the northern parts ; 7. the [(lands of Gothland, (£laiid, 
Aland, Hogland, and Kugen. 

Kwe- The province* of Livnnia and Ingria, with Kex. 
h«fm and Karelia in Finland, and the iflandi of Dsgho and 
9fel, are under the govcnuoentsf Ru&a. 



The natural fail of this country is in general barren, but 
has been greatly improved of late years, by the induftry of 
the inhaliiunts, aflifled by tlie afRiieiiC part of the nation, fo 
that they have now fruitful harvclis. Their manufaflures 
are chiefly in fiiver, copper, and iron i and "aft quantities of 
thefc metals, with timber, lar, hemp, flax, hides, furs, fi[h> 
Sec. coiiftttute the thief artictes of their trade. 

Their religion is the fame «s that of Denmark and Nor- 
way. TLdr language is alfo jnrtly the fame, being only a 
dialeA of the Teutonic Isnguage. The goremmeat of this 
country is a limited muturchy. 

KussiA, the iargeft empire upon the globe, and greater 
than all the rrfi of Europe belides, extendi in ieugth from the 
Baltic Sea on ihe U'clt, to within a k\f mile^ of America on 
the eafl, upwards of Gooo miiei ; and atvive 3400 miles In 
breaddi from north to foiith. It is boundcil on the weft by 
Sweden and the Baltic ; on the eaft by China, and the Pacific 
Ocean, which lepnrate^ Afia from America ; on the north 
by the Frozen Ocenii ; and on the foiith by Truflia, Poland, 
Turkey, Pcrfi.i, and Tartary. Its meafured length from 
the iflc of Dagho to its eallern bounds is near i;<3 degrees. 
Thus it contains fevcral different climates. In the fcuihem 
p-itts, the longed day is fcarcely fixteen hours, while in the 
northern parts it is nearly three months. In the fouthern 
provinces it is very hot; aad extremely cold in the nonliero 
parts. The foil beyond the 6oih degree of north latitude 
fcarcely ever produces corn to any perfeflion ; and beyond 
ihe 70th degree fcarcely any fpecies of fruit is found ; but in 
the middle provinces the foil is fruitful, and prodiLCM good 
pafture for cattle, and excellent grain. The fouthern pro- 
vinces being hot, have all the fertility of a warm coumr},', 
where there is a fufficient depth of foil. There is a great 
variety of inhabitants in this extenfive country: vix, 
the Tartars, Kamfchatdales, Samoledes, (Laplanders, tec. 
There is considerable variety in the [ranneri of the natives 
r a - •( 



of thcfe difFetent countries, lo ibme of the nonbcrn part* 
they live in caverns, not five f«t in height ; in othet part* 
tiicy lead a waodering life ; the naiives of fbmc parts pnto 
life agricuitur^i but in others live on the fponuiieout prO' 
du^ign* of the foil. 

The religion of fome pans is next to Paganifm, the iiaiivn 
idolizing inanliaate obje^s, ai a iliecp's lliin ; biu in otber 
parts tliey make no public profellian of religion. Tbc rlli* 
bjidied religion of Ruffia h the Greek church. 

The European part of KuICa, called Mufcovy, is divided 
into the following provinces : viz. 

In the nofthern divibon : Lapland, Samoicda, Bdla- 
momfckoy, Mefeen, Dwina, Syrianes, Permia, Rubeniiiflu, 
Bebcfeda. — In the middle diviiion : Fereflaf, BelozcfD^ 
Wologda, Jereflaf, Tweer, Mofcow, Belgorod. — In the 
cafiern diviHou : Bulgar, Kanfan, Little Norgorod, Dos 
Cnflacks. — In the weftern diviiion : Great Novgorod, Rui| 
Finland, Kexholm, Karelia, Ingria. — In the fouchern divi- 
iion : Livonia, Sinolenlko, Zernigof, Seefik, Ukrain. Their 
articles of commerce and manula£ture ate the fame as thofe 
of Sweden and Denmark ; ihey have, moreover, lilk, ootton, 
teai, gold, &c, which they bring from China and India, in 
caravans, by the way of the Cafpian Sea. 

Tiie langudge is derived from the Sclavonian, to whicb 
arc added many word) from (he Greek; their alphabet coa- 
fills of forty-t*o charaflers, which are principally Greek. 
The people of lugh rank generally fpeak French and Higll 
Dutch, but their priefts fpeak the modern Greek. 

PoLiiHD, before its late dirmemberoient, wai bounded on 
the north by Livonia, Mu fcovy, and the fiaiiic Sea ; on die 
eaft, by Mufcovy ; on the fouth, by Hungary, Turkey, and 
Little Tartary; and on the well, by Germany i eateudii^ 
from 47 degrees 40 minutes, to 56 degrees jo minutei, 
north latitude; and from 16 to 34 degrees eaft lougili 
It was divided into the province* of Great atid L 
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PoJiHi Fruflia, Samogitia, Courland, Uibuania, Mafovia, 
Padolachia, Polc£a, Red RulTia, Podolia, and Volhinia. The 
foUof Poland h in general very fruitful, and the air mollly 
temperate, except in the ncrtbern parts, where it is verf 
cold. Their pailure land n fa fruitful, that the height of the 
grafs dten conceal the cattle from ilie view of a pafTcnger 
at two hundred yards diflance. Great Rumt>en of.beaib, as 
liorfes, aHes, oxen, buffaloes, bears, foxes, wolves, &C. run 
wild in the forefts. There are fcveral mines in ihe country, 
of gold, £Iver, copper, lead, iron, &c- 

Thcgreateft curioflties in this country are the fall-mine*, 
of which that of Wiciiiftta is the largeft in the world, and 
hasijeen wrought above 600 years. It is 743 feet below the 
furface of the grmitid, and 1 11; feet iii breadth, aud 6691 
in length; and apj ■cars like a fpacioiis plain, wiih vaulted 
roofs, fiipported by coliinrne of fall, which have beea left 
flanJing. Many public lights are placed in this mine, for 
general uft, which reflefta moftluminous appearance from 
every part of the niine. Here are alfo great numbers of huts 
for the accommodation of the miners and ihcir familicE, 
many of whom arc bom and fpend ihcir lives in this place, 
without ever making their appearance on ihe fuiface of the 
aarth. Through the midft of the mine is the great road, 
which pafTci lothemouth of the mine: this road it generally 
crowded with carriages fuirof fait. A llream of frcQi water 
alfo runt through the mine. 

The wild men who have been feen of late years in the 
woods of Poland form another curiofity. 

The Poles at prefent feem almoft annihilated, and their 
country divided among the Auiirians, Prufiian^, and Riif- 
tani, 

Pkuisia is bounded on the north by Samogitia; on the 
foutb by Poland Proper and Mafovia; on the call by part 
of Lithuania; and on the weft by Poltfh Prullia and the 
Bakic; but if ne take it in Its fiill e\trni, ihii kingdom 
.i.. conCfts 
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confiili «f vjuioui terrtto^ie^, differeni para of Qtrm&ny, 
Foland, Swiirerland, and other northern coiiiiln>s. 

The priricipal divifions of (his iiingdom vr, Regsl P^tta, 
fituate^ in Poland ; and Upper daxoiiy, comaining Gnuidcn* 
burg, PmlliaiiPonKrania, and Swedifli pARicraiiU, Magde- 
burg, and Hslberlbdt in Loivtr Saxony i Glatz in Sohenua ; 
Mitiden, KavcuQnirg, Linden, CIcvm, Meures, and Mark, in 
tlw diiichy of Wcfiphalia; Eaft Frieda nit, Lippe, Gulick, 
and Tacklenburgt in the circle of Weftphalia ; ihe mar- 
graviate of Anfpach, in the drcle of Francouia ; Geldcr tn 
the Netlierlaods t Ncufohatel in SwilTtrrland ; and part of 
SileGa. 

Prudia carries on a confidwable irade, and the balaiKe 
iu hvour of Pruffia i? reckoned greater than that of any other 
European line : great quantities of glafs, ironworks, cloth, 
camlet, (illi, iincn, paper, powder, copper, and brafa, are 
annually exported. 

Amber is here found in great quantities, from which the- 
crowti of Pruflia receives 26,000 dollarsaiiuiially; tUo grrnt 
futrs from the bitumen, of whidi feveral kinds are found 
i» the B.iltic Sea. 

The religions of Pruffia arc tliofe of the Luilieram and 
Calviiiiftsi but all religions are tolenled. His PruHian Ma- 
jeity is abfoliite through ail his dominions. The Pruffian 
army, even in times of peace, confills of i8o,0OQ men, 
which arc reckoned the heft difciplined troops in the world t 
but'in time of war it has been augmented to betuecii 3 and 
400,090 men. 

Grbmany is boum'ed on the north by the German Ocean, 
Denmark, and the Baltic ; on tlie eafi, by PQlaiid, Hungary, 
and Bohemia ; on the fomh, by Swllferland and theAlpi; 
and on the weft, by France and the Low Countries. ItcK- 
tcndi from aj degrees 4 minutes, to ^4 degrees 40 miDUtei, 
north latitude ; and from 6 degree? to tg degrees 4; minutn 
{aft iongitude. Germany is a great empire, having ftwarti 
dependant fovereijiidc^ uuder it, under different m 



of governnieni, fome of which fcarcely exceed an Englilh 
maitor in CKieat. It it divided into nine circle<i, three of 
which lie in the nonh, three in llle middle, and three in the 
foulh : vii. Upper Sauony, Lower Saxony, WeftpiaUj; 
Upper Rhine, Lower Rhine, Frxnconia; Auftna, Bavaria, 
atid Siiabia. Thefe circles are fubdivided into principalities, 
duCchies, marquifates, ele^oraie^, palatina^, counties, ba- 
ronies, abbies, bifljoprics,^ Sec. 

The climate of Germany is in general healthy and agree* 
(Lble, excrpi in ihemoft northernandinutliern parts. And 
the Ibil is particnlarly fruitful; lor thougi: <yi<'.y a fmall 
proportion of the country is i.u!tivaicd; yet provision; are 
in generEl ctieaper than in moft oilier coimcrie^ of Europe. 
They havealfo a greai-^i ri.ip'nity of Jomofiii; anim'.ls and 
■'ild l)«(lt, at boars, iinrei, rabbi's, foxes, bad^::rs, goats, 
&C.&C. thin other Eiiropran cotinli'-es. Th^yalfo abound 
^n mofl of the fpedes of tame fowl, as well as wild towL 

Tliere are feveral mines in Gcmanf nf Clver, coppw, iron, 
lead, quickfilver. fntphiir, nitre. Sec. and coal-pits are fuund 
in every' part of die empire, 

Germnny is pllb in great eftetm in all other European 
countiiej fcr its mineral fpiiit^^G^indhaths, ttie mod rcnurk- 
■blc of which are thufe of Aix-l'i-CI^pcUe, tipa, Pyrmont, 
Ems, Wi{b«dfi|.Sch>balb:^ch, Wildungen, and Brake], which 
laft is enclofcu, ^ the waters arc fo (Irong as to be cap;il]le 



The manufi'flutn of Germany conGll ot velvets, filks, 
cotton and woullfn ftulf^, linen, iiiftian, .riJjands, lace, 
Upcllry, Sec. They alfo make beautiful porcelaia and 
lacquered ware, and every kind of hard ware. 

The GcrmnriN have a confidtrrable coirjaoecce,, owing ti> 
their centrical lijuatioii, and the balance of trade is ii,reai\y 
in their favour. The eitabiiOied ruligioii is cither Komilli, 
Lutheran, or Calvinill, being tliHcrcn; in tlie dittcrciii: i'^'''* 
of the ernpu*; bm moH other rcligioo* are toleiated at 
prefent. 
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The Gennan language is a dialed of the Teuionic, and 
n called ihe High Dutch, being ihe moi her tongue n( ihe 
trbole empire : bul every differeol province has a diffefcnt 

The government of Germany is in the hands of about 
)oo civil and eccletiaflical prince;, each of whom Is abJbtute 
In the government of tuj own Kate j and the whole of tfarni 
forma great confederacy, governed by [lolitrcal taws, at ihc 
bead of which is the Emperor, whofe poH-cr in the collective 
body is only cxecutii'e. The Emperor Is ele^cd ; but dtt 
empire Sot feme centuries has belonged to the Houfc of 
Auflria, aa being the mort powerful of iheGermBn princes. 
The nine eleftors of the empire have each a particular effce 
in the Itnperiat court : they have the fo!e eltAion of the 
Emperor, and are as follow : — i . The Archbilhop of Meno^ 
who ii high chancellor of the empire, when in Germany.-^ 
2. The Archbifliop of Treves, who is high ch^cfcilor of 
France and Arclat (a dignhy merely nominal). — j. The 
Archbithop of Cologne.— 4, The King of Boltemia, whois 
cup-bearer. —J. The Elector of Bavaria, who is grani 
fewer.— 6. The Eleflor of Saxony, who is grcit mttrflixt 
of the empire. — 7, The EleAor of Brandenburg (dow 
King of PruJTia), who is great chamberlain.— 8. The EleAo* 
Palatine.— g. The Eleftor of Hanover (King of Great Bii. 
tain), who ciaims the pod nfarch-lreafurer. 

The revenue of the Emperor, ai fuch, ii atMHit ;ot 6000 
pounds Acrling per annum, arifing from the fiefs in the 
Black Forcft. The Auflrinn revenues arc immejifei acnounf* 
ingto ia,ooo,ooofKHmds fterling. 

The military force of this country amounts to near half k 
million of men; the fecular princes bringing upwards of 
379,000, the ecclefiaftical 7450, and the Emperor, ai the 
head of the Hmife of Anflria, qo,Doo. 

Hungary, Bohemia, and the provinces of Tranfylvmola, 
£cUvonia,Croa:ia,andUorlachia, may beconfidnvd as pan 



of ihe Gcmnan empire, having been brought under the do- 
minion of the houfe of Aufiria. The eftabliflied religion of 
there countries is the church of Rome. — Bohemia ties between 
48 and 53 degrees north latitude, and between 12 and i^de- 
greei eaft lojigilude. Bounded ou the north by Saxony and 
Brandenburg; on the call bv Poland and Hungary; on the 
fouth by Auftria and Bavaria; and on the weft by Bavaria, — 
Tranfylvatiia lies between 45 and 4S degreci iiorili latitude, 
and between 2a"and25 degrees eafl longitiidf. Bounded on 
the noiib by Hungary and Poland ; on the fouth by Wala- 
chia; on theeaft by Moldavia; andon the iveft by Hungary. — 
Sclavonia lies between 45 and 47 degrees north latitude, and 
between i5 and is degrees call longitude. Bounded by the 
river Dm vc on the north; by Auftria on the fouth ; bv the 
Danube on the eaft ; and by the Save on ihe weft.— Croatia 
lies between 44 and 47 degrees north latitude, and between 
1 5 and I ^ degrees eaft longitude. Bounded on the north by 
the Save; on the fouth by Morlachia; on the eaft of Uofnia; 
and on' the weft by Carniola. — Morlachia lies between 44 
and 46 degrees north latitude, and between i6niid 17 degrees 
eaft longitude. Bounded on the north by Carniola; on the 
fouth by Dalmatia ; on the eaft by Bofnia j and on the weft 
by the Gulf of Venice. 

5wt3sEii.AND is bounded on the north by Suabia; oDthe 
eaft by the lake of Conftance, Tirol, and Trent; on tlie 
fouth by Italy ; and on the weft by France : extending from 
45 to 48 degrees north latitude, and fram 6 to 1 1 degrees 
oft longitude ; and is divided into thirteen cantons : viz. 
Bern, Ftibourg, Bafi!, Lucern, Soloturn, in the wtfl JiviJiou ; 
SchafRiaufen, Zurich, Appenzel, in the eaft divilionj ajid 
Zug, Swifs, Giaris, Uri, and Undcrw'sid, in the miiljfe divl- 
fion. Seven of thefi: cantons profef. the Romifti religion: 
Fribourg, Lucern, Solonirn, Zug, Swif*, Uri, and Under- 
wald i the other fin are Protcftants. The climate of this coiin-^ 
try is very various, on account of the inc<jualiiy of the furface 
of the ground, beinjCluatcd among i!n Alp>; tiiu highell 
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[nountains in Europe : fo tliat it is commou for tbe inhabit- 
ants to be reaping on otie Jide of [he mouniain, while tbofe 
on the olher. fide of the fame mountain are fowing. The 
frofts in winter are very fevcre ; and in the fummer ihc heat 
is, in fome parts, inteiife. 

The commerce of SwifTcrland confifts of their cattle, 
horfcs, chccfe, butter, hides, !k\us, and the produ^ons of 
thriroH-nmanulaflure, the principal of which are Glks, bro- 
cades, linen, lace, woollens, fiulfi, hats, paper, leather, 
porcelain, toys, watches, and clocks. 

Each canton forms a feparate republic; but when aay 
controverfy arifes, it is referred to the general diet, which 
fits at Baden, where each canton has a vote, and feads two 
deputies. 

TheNETBBiiLANDs lie between JO and 54'<iegrees north 
latitude, and between a and 7 degrees eaft longitude. They 
are bounded on the north by the German ocean; on the 
eaft by Germany ; on the weft by the Britifti channel ; and 
on the fouth by France and Lorrain. ThcNeibcHsndaan 
divided iiito feventeen provinces ; the feven nonherly ones 
are called Holland, or the United Provinces, and the other 
ten are called Flanders, or the Auftrian and French Nether- 
lands. 

The provinces of Holland, are Holland, Zealand, Friez* 
land, Gromngcn, Overyficl, Guelderland and ZulphcH, and 
Utrechf. 

The air of tbefe provinces is very moid and fo^y f 
their harbocra are generally frozen up four months ia the 
year; ?nd the foil is very unfavourable for vegetation ; but 
the induflry of the inhabltar.ls has greatly improved it, by 
making canals and ditches to drain the land. 

Their commerce is carried on to fueh aa extent, that there 
H hardly a commodity of traffic on the fece of the globe but 
may be bought here, and almoft as cheap as in-ihc placet 
whcie it ii produced. 
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The religion of this country itCalvinirm; but all profef- 
fions and focieiies are tolenned, of which there are grcRC 
numbers. 

The govenimect of Holland is a democracy, and lias fo 
continued for upwards of two hundred years; notwithlland- 
ing they had a prince under the tide of (hdtholder, whofe 
powers had very little of the regal nature. 

The ten other provinces ,of the Netlicrlands, called Flan- 
ders, have been divided among the Auftrians, French, and 
Dutch, but are now chiefly claimed by the French, and con- 
tain the ten following provinces : viz. — Brabant, Antwerp, 
Malines, Limburgh, Luxemburgli, Namur, Hainaiilt, Cam- 
brefis, Ariois, and Flanders. 

The foil in moll of thefe provinces is extremely fruitful, 
and the air generally beaithy, except in Brabant, and fome 
parts of the fea-coafls. 

The commerce of iliefe provinces confifts chiefly of their 
own nanah&nn, viz.— fine linens, catnbricks, lacrs, and 
woollenmanul^fturet. 

Fbance extends from 43 to ji degrees north latitudcj 
and from 5 degrees weft, to 6 degrees eaft longitude. It is 
Lraunded on the north by the Netherlands and the Eiiglitli 
channel; on the call by Germany, SwilTerland, and Italy; 
on the fouih by the Mediterranean fea and Pyrenean moun- 
taioaj and on ihe weft by the Bay of Bifcay. France was 
formerly divided into i a provinces; but at the late revolution 
it was divided into 84 departments, each department being 
divided into diflrifls, and each dlftria into cantons. The 
eighty-four departments are as follows:—!. Straits of Ca- 
lais : a. North. 3, Lower Seine, 4. Sorame. j. Aifne. 
6. Ardennes. 7. Channel. 8. Catvadgs. 9. Eure. 10. Oile. 
11. Mariic. 12. Meufe. ij. Mofelle. 14. LowerRhine. 
15. Fiiiiftcrre. ifi.Northcoaft, 17. Iflcand Vilaine. i8. 
Mayenne, 19. Orne. 30. Eure and Loire, a i.' Seine and 
Oife. 22. Paris, sj. Seine and Marne. 34. Aube. 15. 
z 2 Upper 
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Upper Marne. 26. Meurte. a;. Vofges. a8. Upp<7 
Rhin6. 39. Morbihan, 30. Lower Loire. 31, Mzycnne 
■nd Loire. 33. Sartlic. 53. Loire and Cher. 34. L-oirett. 
3j. Yoiinc. 36. Coted'Or. 37. Upper Soaniie. 38. Doubn. 
39. Vendue. 40. Two Sevrea. 41. Vienne. 4.*. Indre 
andLoire. 43. Indie. 44.Clier. 4;.Nlevre. 46. Soonne 
and Loircr. 47. Jura. 4S. Lower Charente, 49, Cha- 
rente, jo. Upper Vienne. ji.Crcuze. 52. Allicr. 5;. 
Rhoneaiid Loire. 54. Ain. ;;. Gironde. 5&. Dordogne. 
57. Correze. 58. Puy de Dome. 59. Upper Loire. 60. 
Ifere. 6:. Landes. 6z. Loiaiid Garonne. 63. Lot. 64. 
CBiial. 65. Lozere. 66. Ardethe. 67. Dreme. 6S. Upper 
Alps. 69. Lower Pyrenees- 70. Gers. 71. L'pper Ga- 
ronne. 71. Tame. 73. A^-eirun. 74 Hcrault. 75, Gard. 
76. Lower Alps, 77. Upper Pyrenees. 78. Artiege, 79. 
A\ide. 80. Eafi Pyrenees. 81. Moiiibsof Rhone. Bi. Var. 
83.Corlica. 84. MouniBlauc. 

Thedimaie of France is reckoned, upon ihe whole, to be 
mpre fcitled ihan :hat of any other country in Europe la 
ihe north the winiers are very cold ; but in the interior parTi 
thcaJr is very lempeiste and healthy! and in the foutli ii is 
foitiild, that invalids retire chillier li-om all liie northera 
CDtintrics, lo avoid the rigour of llieir own climates. 

The commcrccof France conliftsof winej, brandy, vine- 
^r, Jrggs, oil.', fruits, of whicli iliey h;ive great varieiy, 
lilk.% cambricks, laces, psper, parchment, hardware toys, 
tiC. and theirtrade is very confiderable and lucrative both ro 
ihcEaft and Weft Indies^ but particulitrly to [he Eiiropeaa 



(^ The national religion was always Roraiili. And tfacir 
monarchs were always limited till the three laft fovcreigns of 
Krance. The executive power is now veficd in three confuU, 
the chief of whom is crealed conful for life, with the powci 
of nominailiigafuccefTor. ' ' 
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Spain lie^ between 3(1 ai>d 44 degrees norih latitude; 
and beiiveeii 10 degrees uefi, and 3 degrees eafl longitude. 
It is bounded on the itonh by the Bay of Bifcay and the Py- 
ren«u) mountain;; an the tbutli by Gibraltar flraits; on the 
cad by the Mediterranean fea; and on the weft by Fortugnl 
and the Atlantic Ocean. It is divided into the fallowing 
kingdoms or provinces ; Galkia, Afluria, Bifcay, Navarre, 
Arragon, Catalonia, Valencia, Murcia, Granada, Andatufia, 
OidCaftile, Neu-Callile, Leon, and EDremadura. 

Spain enjoys a dry, clesr, temperate air, except during 
the etjtiinoclial rains ; and in the foiithern provinces during 
the fummer months, where it is very bot. The foil is as fruit- 
ful as the foil of ^ny parr of Europe ; but tbe natives are 
very indolent. In msny parts the cboiccft fruits grow fpon- 
taneodfly. Theyaifo have a great variety of aromatic herbs. 
ScAle is celebrated for its oranges; and Murcia produces 
m liver ry-free^ in fuch abundance, cliat the fiik exported frotn 
ihiAarr amounts to 309|903 pounds per annum. 

Spe chief articles of commerce in Spain arc gold and fil- 
veijtt hich they derive from their fetrlemenis in South Ame- 
ric*; The prinupal mantifeftures are £lk, wool, iron, cop- 
per, and iiardware. 

The national religion of Spain i^ the profclBon of the 
church of Rome. The Inqiiilitiott always reigned in this 
country, till, by a late ediA, it was put under Tome refiiic- 
tions. 

The conftitution of Spain is the matt abfolute monarchy 
in Europe. And the revenue from Old S^ain only, amounts 
to upwards of 6,oc.o,ooo flerling: what the exa^t amount of 
the uhole revenue is, is not accurately known. 

The military force of Spain is never Icfi than 70,000 men 
iu time of peace ; and in dme of wnr ibe king lus raifed oear 
so 0,000. 

Po»tc£AL joins to Spain, aod is bounded by it on lh» 

north and eali ; md on it;e fouth anil wcR by tli« Atlantic 

Ocean. 



Ocean. It extends from 36 degrees jo minutes to 43 ifc. 
grecs north latitude, and from 7 to 10 degrees wtft Itm- 
gitnile. 

The cliir-aie of Porrogal h more lemprrate than that of 
Spain, on account of its vicinity 10 the fea. Their comnwfcr 
confifit chiefly of wines, fruits, fait, linen, woollen, aad 
Ibmecoarfe Iillc. Their rehgion is that of the church of 
Rome; and the Ijiquiiirion lias gresler power here than in any 
other country. Tlie confiitutioii is, like that of Spain, n 
abfolute mnnarcliy. 

Italy, including Sicily, lies between 37 and 4,7 degrees 
north latitude, and between 7 and itj degrees eaft lon^-' 
tittle. On the eaft, fouili, and weft, it is waflied by ibe 
Adriatic and Mediterranean feas ; and on the north it b ie- 
paraced from the reft of Europe by tlic Alps. It cotilains the 
foUowing countries; I'icdmoni, Montferrat, part of Milan, 
Sardinia lilt, Naples, Sicily, Milanefe, Mantua.^ufcany, 
the Duke of Parma's territories, Genoefe territories, Oneglia, 
the Duke of Mod en a 's territories, Venetian territories. Pope's 
dominion^ Corfica lOc, Malta I He. and fume other fmall 
tllands. All thele couniriei are diftinft from each other; 
having dilTcrent forms of govern men t, different trade, and 
feparate interefts. 

Italy has a fine foil, and temperate but vparm climate; 
the foil however is greatly neglefled, owing to the iitdolcnce 
of the i n habit 31! ts. 

The religion, ujiiverfally profeffed throughout Italy, U 
that of the church of Roaiej but people of ali other reli«nons 
generally hve unmolerted in moll parts of Italy. The-com- 
meree and manniaflutes are various, according to the dif- 
fcrent iiaies ; but wines, fruits, and oil, conftitiite the chief 
articles. The curiofities to be met with in this extcnfive 
traft of country are almofl innumerable, it being the feat of 
fo many -nations of aniiquily, particularly of ancient Rome; 
hence, there are innumerable remains of the arts, the 
3 works 



works uf ancieni artifti ; the burning inountaini alto confli-- 
tute one of their grea-eft natural curiofiiie;. The Italian 
language is derived from (he Latin ; with an irnermixture of 
words from the Goths, and other barbarous nations; but 
every feparaie (late has a different dialed. 

To defcribe the form of government of each ftaic, would 
be to enter iiito too minute a detail, as they are difiinrcnt in 
every flate. 

TuKKEY extends into both Europe and Alia. 

European Turkey extends from 17 to 40 degrei 
longitude, and between 3;; and 49 degrees tiortli laiitudfl 
It is bounded on the north by Rufiia, Poland, and Sclavt 
uia; on the eatl by the Black Sea, the HcUefpont, and ihc 
Archipelago ; on the fouih by the Mediterranean ; and on 
the well by the Mediterranean, aiiiJ Venciian and Auftrian 



Turkey in Europe contains fotne of the mod genial cU> 

mates in the world i and is divided into the follnwing pro- 
vinceE: Crim and Little Tartary, Budzaic Tartary, Befiara- 
bia, Moldavia, Wallachia, Bulgaria, Servia, Bofnia, Roma- 
nia, Macedonia, Janna, Livadia, Epirus, Albania, Dalma- 
tia, Ragufe, Corinth, Argos, Spana, Oiympia, Arcadia, 
Elis. 

The foil of Turkey is extremely fruitful, where the leaft 
induftry has been employed; and all the fruits common to 
all the warm climates are produced here in great pcrfediion | 
and many valuable drugs are natives of [his country. 

The commerce and man ufaft urea of Turkey are thiefly 
Clks, drugs, dying fluffs, intheir natural (late; with cottons, 
carpets, leather, velvets, foap, See.; but though the Turk* 
a^e Gtualed in ilie moft advantageous part of botii Europe 
and Afia fortraiiic, yet they (hamefully uegle^S it. 

The rchgion which the Turks univerfally profefs, is Ma- 

homeiifm; but they are divided into as many fnfVs as die 

profeflbrs of Chri(lianity. The high pricfl, or Mufti, is an 

officfr 



r 

^H officer of fuch honour, lliat whenever he comes into coun, 

^H the Grand Seignior rifes from his fear and meets him. Moft 

^B other religions arc tolerated here by paying an annual tax. 

^H The government of Turkey is Ihal of an abfotute monir- 

^H chy ; anJ in this empire there h no hereditary fuccellion bj 

^V law to any property; yet the rights of individuals art rtn- 

^K dered fecure by being annexed to the church, by wtrich meatis 

^1 even Jews and Chrlfiians may fecure their property in \iaSj 

^K, 10 the latefl jjoflcrity. The revenue of Turkey amoiinn TO 

^V iip*ardsof twenty-fii-c millions per. innum, but does not pro- 

^B tluce four millions to the emperor's rresfvTy ; the reft bsog 

^K, wpended in colleifling, kc. The forces of the Turkifh em- 

^B pire are of two forts; the one has cenain lands for thdt 

^K maintenance, and the olher is paid out of the treafyry. Tht 

^r former amount to 168,000 troopers; the latter, called ibe 

horfe-guard;, are about 12,000; and the janizaries^ ortotX- 
guards, aj,ooo; betides too,aoo iwt foldiers in cKSetvnt 
parts of the empire. 



SECT. VU. 
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Asia forms the mofV remarkable quarter of the globe &»■ 
ancient hiflory. It was here that the firfl man wascrvaced— 

here the patriarch Noah was prcferved during the fiocKj and 

from this quarter the world was repeopled a fecond tinK. 
la Afia lived all the patriarchs recorded in Scriptoie— 



OP CEOOttAPHr. 177 

and this wastht fce:ie of all the traiifaflioni recorded iii Hoi/ 
Writ— and, finally, ii was here Jefus Chrift appeareit, and 
wrought the falvaiion of niankind^-Aod from heace the 
Chrillian reli^oii wai propagated. 

This quarter of the globe enjoys the moil ferene air and 
/ruiiAii foil of all the quarifrs, and produces the moft deli- 
cious fruits, odoriferous Dirubs, fyKCi, and valuably drugi, 
gums, &c. 

Idolatry and Mstiometifm are alnioft wnivtrfel in tbb quaf 
ler of thf globe, except in a few European feitletnents. The 
languages in ufe in this quarter are ciiicfiy the AnUc, Per- 
Can, Malayan, Chinefe, Japanese, Tartarian, KuSan, and 
Turkifh. 

AGa is bounded on the wefl by the Red Sea, the Mediter- 
ranean, the Archipelago, the Black Sea, and Europe ; on 
the north by ihe Frozen Ocean ; on the eafl and fouth by tlie 
Pacific and Indian Oceans. It n (ittiatcd between the equator 
and the frigid zone, and between x^ oiid 180 degrees of eall 
longiiude; it I* about 4800 milci in length, and 4J00 in 
breadth, and contains the tbllowjng countries. 

Tdrkct in Afia, being the 01 her part of ih< Turkifliem- 
pire, is about 1000 miles in length from eaft to weft, and 
Soo in breadth from the northern partii to the del'ens of 
Arabia. It is bounded on the north by the Black Sea and 
Circaflia ; on the ea(t by Pcrfia ; on the foulh by Arabia and 
the Levant fea ; and on ibc weft by the Archipelago and the 
Hellefpcnt. 

This part of Turkey was the principal fcene of all the 
tranfa£tians recorded in ancient writ, facred and profane. 

Taktarv is an cxicnfive country taken in its full extent, 
and flretches from Miifcovy un the wefl, to the Pacific Ocean 
on the eaft) and from the nations of China, IndU, Fetfia, 
and Turkey, ou the fouth, to the impenetrable regions of ibc 
north. It exiendsfrom the (hiriicihdegreeof nonh Uliiude 
to the frozen regions of the north pole; and from jo (o 190 
degrees eaft longitude j and contaiiK Hu^n, Chiuefe, Mo- 
ral. Ii. A A gulea^ 
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gulean, and I iu!e pendent Tartary, which arc its four graal 
diviltoii.t, 4000 miles in length, and 2400 in breadib. 

Through fuch an extenfiwe irafl of coirniry the foil aai 
climate mnft necciTarily partake of a great variety- ' 

Their manners, language, &c. mnftalfo be as various, 
China lies nn the eaftern borders of the continept of AStf 
and is divided from Chincfe Tartary on the north, by 1 prj- 
digious wall, and, in fome places, by in^icrelBble-mounuin; 
on the eaft it is bounded by the Yellow Sea and Pacific Ocon, 
'ta'hich iepanites it from Amenta ; 011 the fuuth by ihe Chi* 
nefe fea, and the kingdom of Tonqnin 1 and- on the weft br 
*Tibet. It extends from ai to 44 degrees north lsuitud4,iiid 
from 94 to 1 33 degrees tad longitude. 
In fuch an exlenfive country there n 
'rietyof climates. The fouthern parts 

violent rains, while the northern parts are very cold, ffiwl 
'*heir rivers i^ruzen for fome months during the winier; but 
' the middle p jfIs are temperaie and pkafaut. The-fojl alfi) 
partakes of a great variety, though there is no part 0/ tbk 
exteniive country but is fruitful, cither from nanire oranj 
for fuch is the induftry of the Chinefe, thai thev fuffcr vaj 
' little, if any land, to lie uncultivated. 

» The Chinefe have a confiderable trade with every Europcu 
Inaiion, and with North America, exiwrting filks, coROi^ 
■ gold and filver (luffs, painted gauzes, teas, duna-waK, 
piper, and Indian ink, for which they receive readv mooEyj 
defpifing the manufaftiircs of every other country but rhrit 
own- 
There are a great number of natural and artificial cttrio- 
«ties in China. Among the latter are reckoned tlw fatnam 
wall which divides China from Tartary, extefidbg owf 
mountain, and vallies, of t 500 miles in length, and from m 
to sj feet In height, and broad enough for fix horftmeaio 
travel abreaft. It has ftood nrar 1800 years, and h now al- 
Ridft Cntiit, 3, Their canals are works of great tnagnitude, 
UifiniMl| 



infiiiitely exceeding Iholc in Europe. 3. The bridge overihe 
river Saffraay, which confiftsof a (ingle arch, whofe fpan is 
400 cubits, and its height 500. 4. The Cicntao, or road 
of pillars, which is a road broad enough for four liorres to 
(ravel abrcafl, and near four miles in length, defended by an 
iron railing ; and unites the fummiti of feveral mouniains, in 
order to avoid the winding of the roads. It rells upon llrong 
ftoue pillars for the moft part. 5. The bridge of cliains, 
which is a bridge built upon a number of ilroug iron chains, 
and hangs over a very deep valley, in the neighbourhood of 
King-Tung. 6. The triumphal arches of China, of which 
therp are above 1100; 200 of them are very magnificfnli 
they were erefted in memory of their great princes, legifla- 
tors, Jtc. 7. The tower of Nau-King, called the Porcelain 
Tower, being wholly covered with the moft beautiful china j 
upwards of three hundred feet in height, nine (lories high; 
each ftory decreafing gradually to the top. The whole forms 
(he moft correft and grand piece of architeflure to be me: 
nitli in the £aft. 

Anvxig the natural curiofities may be reckoned their water- 
falls and volcanoes. 

Their religion i^ that of Paganifm ; tiie deities are men 
ihat have been eminent in arts and fciences, Thay alfo wor- 
(I)ip inanimate beings, as mountains, woods, and rivers; hill 
they acknowledge only one Supreme Being. 

India, or Hinoostan, is an cxtenlive country taken in 
its full extent. Bounded on the north by Tibet and Uibeck 
Tartary; on the foiith by the Indian Ocean; on the eaft by 
Cliina and the Pacific ; and on the well by Perfia and the 
Indian Ocean. It exieiuls from 1 degree to 40 degrees north 
latitude, and from 66 to loi; degrt^cs eaft loitgiiude; and it 
priiKipally divided into three parts: — i. The peninfula of 
India beyond the Ganges, on thceail; 2. die main land, .or 
^miMie of' the Great Mogul, on tlie north ; }. the peninfula 
W'iihui:(he Ganges, or on this Jide of it, on the well. 

A great part of the fca-coafl of India, a> well as confiderable 
ti'-'i 6. A 3. difiri^B 
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diHiifl; ill the tut ror, belong to ihe Eng-ilh Eafl India C 
pany, where there ure many large and rich feitlemcnta, fro 
which ve receive great qusDiities uf Eail India comraodita 

As the country extends through fo many degrees of I 
tudr, there U a great difference in ilie climates of the djScr* 
eiit ))arta. In the nonhern parts the air a very dry and 
hnlthy ; but in the rouihern parts near the f«a, in low laiA, 
the air is very hot and moill : they divide the year iota the 
dry and wet leafons. 

The fnil, in general, throughnut the whole couotry, it 
very fniitful, producing all the variety of plants, drugs, ui 
fruits, to be met wiih in the other tropical climates. Then 
>re alfo minen of gold, diamond), lutNe^ topazes, and oilvt 
precious ftones. 

In the European fettlements the religion is Chriftianhy ; 
but in the northern and inland parts they are either Mahorofr 
tan^ or Pagans; and divided into feveral kingdoms, neb v( 
which is governed by one or more abfolute monarchs. 

Persia extends from 35 to 4; degrees north latitude, and 
from 4J to 67 degrees ejd longitude. It is bounded 00 the 
ead by (he Mogul's dominions; on the north by Ulbeck 
Tartary, the Cafpian Sea, and Circatfia; on the loutfa bvtl^ 
Indian Ocean and Gulf of Fer&i; and on the wefl by Anit» 
and the Turkifli empire. 

The climates of thiscountryare very various. Indicnordi* 
cm parts, and near the mountains, which are coveml wiib 
' foow, the air is very cold; in the midland parts it is fentttf 
pure, and healthy; but towards ihc fouthem parts there arc 
fomettmes hot fu(f,tcating winds, which blow over a landy 
defert from fouth and cad ; a blaft of which lus JbmetiaiM 
Itrnck the unwary traveller with death in an inflant. The 
foil h various, being in fome parts very barren, but where it 
it well watered it is very fruitful. 

principal cummodities of traffic are filki, oinleti^ 
;ts, lesiher, embroidery, gold and filver thread)^ no- 



The national religion of Perfia is that of Mahometirin, 
Mid the fea of Aii. 

AiABiA extends from 35 to 60 degrees eaft longitude, and 
from 12 degrees 30 minutes to jo degrees north latitude. It 
is bounded on the north by AHatic Turkey ; on the fouih by 
the Indian Ocean ; on the eaft by the Euphrates and Gulf of 
BaHbra ; and on the weft by the Red Sea. 

Arabia is divided into three parts, vi«, Arabia Petraa, or 
(he Stony; Arabia Del'erta, or the Defcn; and Arabia Felix, 
oc the Happy. 

Arabia the Stony is the wildernefs in which the children of 
Tfrael fojourned 40 year?; and in it may be fecn the moun* 
tains of Horeb and Sinai, mentioned in Sacred Writ. 

Arabia the Dcfert principally conlifts of a Urge fandy de- 
fert; il has, however, a few fpots of fruitful land, covered 
with verdure, which ate interfperfed in different parts of the 
defert. It i? over this defert that fome of the eaftero naiions 
bring their coninioditics of traffic from the Eaft, travelling io 
hrge caravans. 

Arabia the Happy is, in general, barren ; but fame of the 
.mllies t>etn-een the mountains, and thofe plains which are 
well fuppiied with water, arc very fruitful. From this part 
great quantities of drugs are exported to Europe, and alfa 
Turkey coffee. 

The Arabs are, in general, a wandering people; many of 
their tribes live wholly in tents, and fubfift partly by robbing 
the caravans which travel through the defert, and partly bf 
the produce of iheir country, and ibe flefli of their cattlvj 
laiCiag no grain of any kind for domeftic ufe. 

Their religion is that of Mahometifm ; but many of the 
Itibes arc Aill Pagans. Their language is faid to exceed eveo 
the Greek itfelf in copioufneft. The Arabians have never 
yet been fubdued by any military force, though fevcral at- 
Kinjltt bare been made for that purpofe. 



^F ,TnEcon[iiient of Africa ii in the form of a pcninfula, fur* 

rounded on each fide by water, except wlicre il joins to Afi» 
by liic Illhmus of Suez. Several cotintriei, famous in anti- 
quity for the arts and fciences, were filuated in the norllierit 
parts of liiis quarter. And in the early days of Cbriftianity 
leveral Chrifllan churches were founded here ; but at the 
prefent period Maliomctifiii and idolatry degrade this moH 
fertile qitartcr of the globe. That mod inhuman commerce, 
' tratlick.ing in men, alfo is carried on here bj the fiuropeaa 
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SECT. VIII. 



OF APItlCA. 



The ancients believed the greater part of this quarter of 
the globe lo be uninhabited, as alfo the greater pan of Afia, 
and, indeed, all that part of the globe lying between tlte 
iropic:; bni modern travellers have difcovered, that the tro- 
pical countries are in gejieral the mod fertile and bell popu- 
lated ; and of thefe ihe fouthern and interior parts of Africi 
are found the mod eligible, both for vegetation and popula- 
tion, lis fea-coads zre the only jiarts with which we are parw 
ticularly acquainted ; but travellers are now bufily cmptoycd: 
in making difcoveries in the internal parts. 

Africa is bounded on the weft by the Atlantic Omin; « 
the north by the jJediierrmiean ; on the ead by the Red S 
and on the fouth by the Southern Ocean, It lies betirem yji 
degrees narih, and 36 degrees fou'h latitude, the cqiialsr, 
lunning tifarly iliivju^lvthe middle thereof; and between ly 
degrees wed, and ; 1 degrees eaft longitude. In lengtht-fraitt 
north to fuuih, it is about 4600 miles ; and in breadth, from 
'.ad to wed, 3J00 miles. 
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Egvf7 is bounded on the north by the IRhmiis of Suez ; 
on the tail by the Red Sea; on the fouih by Nubia j and 
on the weft hy the interior [jarts of Alrica, It lie? betu-een 
30 and 36 degrees eali longitude; and between 20 and ja 
degrees north latitude ; and is divickd into Upper and Lower 
Egyjit. 

The climate, iluring the fiimmcr feafon, is exceflivelvhot; 
■ when ihe fouch winds ofi^n raife fuch a cloud of fand as to 
obfcure the liglit ol tliefuii, and caiife ejiiJeinical tlifeafe^ 

The foil is cxtecdingly fruitful, owing to the annua) over- 
flowing of the Nile. This river, fo famous in autient hiflory, 
has it& rife in AbyfEnia, at between 11 atid la degrees of 
north laliiude, and inirfnf; a northern coiirfc for above 
ijoomiiesi when it divides Into t"'ij branches, about Ilx 
miles below Grand Cairo; one branch extendiiig caftward, 
- and rlie other weftward. It begins to rife iir the be- 
ginning of fummer, and increafes three or four inches in 
height each day, for the firft week 1 the next fortnight it in- 
creafes in a ftill greater proportion ; and it it near four munihs 
before it is reduced into its channel again. The principal 
cities and towns are built on eminences on the banks of the 
Nile, and, during the inundation, correfpond with each other 
by means of boats. When the Nile rifes to the height of 49 
feet, it produces a plentiful feafon, but if it exceed that 
height it b produ(fti»e of great mifchief, fweeping away both 
houfcs and cattle. 

In Egypt they generally have three crops In a year : the 
Cr([, of lettuces and cucumbers; the lecond, of corn; the 
third, of melons, and all the fniits common to hot climaies. 

Their paftures are the rieheft in the world, the gwli be- 
ing iifually as high as the cattle. 

Their trade con^ifs of great quantities of flax and cotlnn, 
both prepared and iinmanufaiftured ; leather of dilferent 
kinds; alfo a great variety of drugs, and tools for dying. 

Th£ 
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The common language fpoken licre is iIk; vulgnr Anbic^ 
•5 it is undEr [he doirinion of the Turks. 

Barbaky extends from Fgypt to tbe Atlantic Ocean, sad 
from the Mediienanno Sea to the Libyan DtHcrts, being "jga 
iniJes in breadth, and near aoco iti lengch: coni^ning llie 
countries of Morocco and F«, which form one diftinCt 
pirc; and the fiBCet of Algiers, Tuni-, Tripoli, and Barca, 
compoflng fcvccal diAiiid (tales, united together in coufedfr' 
racy, under (he TurkiOi governmc-nt. 

Its foil ib exceedingly fiTiiiful, producing excellerit com, 
cattle, and padure, and all tiie variet}' of tro; ical fruits ; and 
vail quantities of Glh and fowl; lilb a great variety of tame 
and wild animals. 

The comm-rce of this country is chiefly carried on by 
caravans: their eKporti coiirift of luther, mats, handker- 
chiefs, carpets, elephant's teeth, oflricb feathers, copper, 
tin, wool, fruits, gum, drugs, &c. for which they icceive 
timber, artillery, gunjjOH'der, &c. 

Their religion is that of Mahometifm. Their iMOgaagt 
varies according to the different parts of the country. TiMt 
fpoken in the inland parts, is eitlier an African language or 
a corrupt Arabic. The latter is alfo fpoken in moll of At 
feapori towns ; but in fome parts they ufe a mixed langu^^ 
fuch as is fpoken in iroft of the Medirerraneau pons. 

Aloft ofiheBarbary Dates fnbQn by piracy : and ttieirlkilan 
fight defpcrately when they meet a veiret beloogbg to aaj 
power with whom they are at war. 

The government is that ©f on abfolute monerchy. Tlw 
emperor is in genera! both judge and executionert and hg 
acknowledges the Grand Setgnipr of Turkey to be hii fupe- 
rior, W hen there is a vacancy in the governineut, every 
foldier in the army has a vote in choofinga ()(w cnaperor, 
which is often attended with great bloodltied. 

The pans of Africa, from the tropic of Cancer to rfic 
Cape of Good Hope, are very Utile knuwn, except the fcM 
cwA thereof. Tbe natives in general arc black, except^ 
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thoft of Abyflinia, who are of a tawney comptexi 
are a mixture of Jews, Chriftians, and Pagans. The religion 
of the other countries in this part is generally that of Pa- 
ganifm, and the form of government every where monar- 
chical, except in a few fettlements formed by the Europeaos, 
oji the fea-coafl. Few of their princes,, however, poflefs an 
extenllve degree of territory. As the natirw are ignorant of 
III the arts of utility and refijiemcnt, tlic different kingdonu 
are ilierefbre unconnefled with each other, and are gene- 
rally at war. 

The foil of Africa is in general very fruitful : though in 
■fome parts it is perfeflly barren, particularly where there 
ii very Utile water; the heat of the fun reducing the 
foil to a perfeift land ; fuch are ihe countries of Anian 
and Zaa'ra; but the countries of Mandingo, Ethiopia, 
Congo, Angola, Batut, Truticui, Monomotapa, Cafati, ind 
Mdurieurugi, are extremely fruitful, and very rich in gold 
and filver. 

On the weflem coaft the Engllfh trade is carried on at 
James's Fort, and other fetilements, near and up the river 
Ciambia, where woollen and Uiien cloths, hardware, aad 
fpirituous liquors are exchanged for the perfons of the na- 
tives. Many of the negroes wilt fell their own lamilies for 
thoft fuperfluities. The natives are often trepanned by 
fordgners, or their own countrymen, and then fold to the 
Eurcpeans : and many more are fold by the princes of the 
different (lates, being captives taken in war. Gold and 
ivory form the principal branches of commerce, next to that 
of the (laves. 

The Portoguefe pofTefs the greater part of the eaft and 
weft coaft of Africa, from the tropic of Capricorn to the 
equator. The Dhtcb have fome fettlements towards the 
fouthern pans of the continent ; and Cape Town, at the 
Cape of Good Hope, belongs to them, and is well fortified, 
and where the Ihips bound for India ufually put in, and 
trade with the natives, or Hottentots, for their cattle and 
vol- II. » B other 
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other provifions, for which th«ygive ihfm fpirituous liquon. 
There are feveral ifiauds near ibe coaft of Africa, lying in 
the Eaftern or Indian Ocean, or in the Weftern or Atlantic 
Ocean, of which the chief are: 

I. ZocoTRii, fituaieil in 53 degrees eaft lungitude, and 

13 degrees uorth latitude ; 30 leagues eaft of Cape Gov 

4iJ'ui, on the continent of Africa ; being 80 miles in Uagfilt 

ill breadth, and has iwo good harbours. Ji is aiiO' 

plentiful country, governed by a prince vhu b. 

K'tribuury to the Porte. 

sELMANDEL, iliuated in the flrait of the fame name, 
^ the entrance of tlie Red Sea, in 44 degrees 30 minu« 
) longitude, and 12 degrees iior^h lathudc, bciag a finail 
^(Ly illiud, not Ave miles round. 

5. The illands of Joanna, Mayolta, Mohilla, Angezdt, 
and Comora, filuaied between 41 and 46 degrees eaft Ion- 
{ilude, and between 10 and r4 degrees fouth latitude: the 
chief of thefe is Joanna, to which the oliiers are tributary, 
being 30 niite; lonf, and 15 broad : alTording excellent fruits 
and provifions, Tiie natives are a friendly fet of people, 
and profefs the Mahometan religion. 

4. Madagascar, the largeft of the African iflancb, 
L^tuated between 43 and 51 degrees eail iongiiudc, and bc- 
Elween 10 and 26 degrees foutli laihude; three hundred 
I'Biiles fouth-eaft of the continent of Africa, being near tooo 
kAiiics in length, from north to fouth ; and between 3 and 
L-|po miles in breadth. Between this iHand and the Cape of 
C^ood Hope, or ibe continent uf Africa, the fea rolls with 
K|,{Tcat force, and is exceedingly rough. In this channel, all 
\ European fliips pafs in their voyage to and from India, except 
! water be too rough. Madagafcar is a fertile counciy, 
Mtinding in all the variety of fruits and vegetables lo be 
*ith in the fame climate. The air is temperate alfo, 
d healthy. It is inhabited by both blacks and whites, pro- 
Eng differenL religions ; but principally Mahomcufai and 
ipjgaaiiiii j and governed by feveral patty princes. 
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5, Mauritius, or' Maurice, (ituated in ; 6 degrees ea ft 
lotigilude, and 20 degrees fonth latitude ; about 400 mile* 
caft of Madagarcar. It is of an oval form, and about 1 50 
miles iri circumference, with a large fine barbour. The 
climate is healthy and pleafant ; and the ifland is well watered 
with fcveral rivers : though the foil is not fo fruitful u that 
of the former, it neverthelefs feeds a great nutnber of cattle, 
flieep, deer, and goats. 

6, BouBBoM, (iiuated in ^4 degrees eaft longitude, and 
SI degrees fouth latitude; about 300 miles eafl of Madagaf- 
car, and about qo mile* in circumference. Surrounded for 
the moft part with blind rocks, a few feet under water. The 
climate is in general heahhy, though hot. It affords very 
good pafturc and cattle. 

There are feveral other rmall illands about Madsgafcar, 
and on the eafteru coaft uf Africa. 

7. St. Helena, fituated in 6t!egrees weft longitude, and 
16 degrees fouth latitude; bring 1700 miles weft from the 
continent of Africa, and 1800 eafi from South America. 
The whole ifland is (ituated on a rock, aud is about at 
miles in circumference. There is but one landing-place in 
the ifland, which is at the eaft fide thereof. It is very fer- 
tile, divertilied by hilli and vallies, and abounds in all the 
conveniences and comforts of life. There are about aoo 
families, tnoltly defcended from EngllOi parents. 

8. Ascension, fituated in 7 degrees 40 minutes fiiuth 
latitude, and 600 miles norih-weft of St. Helena, li is a 
mountainous barren ifland, and unitihabiteO ; aboiit'io miles 

g, St. Matthbw, fituated in 6 degrees 1 minirte weft 
longitude, and i degree 30 minutes fouth latitude; and 
uninhabited. 

10. Cape Vbrd Islands are fituated between s) aud 

a6 degrees weft longitude, and between 14 and 18 depees 

north latitude. They are about so in number; but the 

principal are St. Jagn, Bravo, Foeo. Mavo. BonatUb, Sal, 

i- St. 
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St. Nicholas, St. Vincent, Santa Cruz, and St. Anlonio. 
They moflly belong lo the Portuguefe and Spaniards. Th? 
air in geoci^ iavery hot, and in fome unwholefome. They 
are inhabited by Europeans and iheir dcfcendanis. 

II. GoKKE, lituated in 14 degrees 43 minutes DOrth Uti- 
tude, and 1 7 degrees 20 minutes well longitude. iLisafauIl 
^ot not exceeding two miles in circumference | but an it^r _ 
portant fitUation for trade. ^1 

la. The Canasibs, or Foktunatx Iklanas, ^'fl 
(even in number, and fituated between 13 and ig degitcr 
weft longitude, and between 27 and ag degrees north lati- 
tude. Thefe iflands have a pure temperate air, and abound 
in mofi delicious fruits, from whence they have tboCe rkb 
wines called Canary, of which they export io,oco ho^flKMll 
annually. 

13. The Madeiras arc three iilands, lituaicd In 3s 
degrees 37 minutes north latitude, and between 18 degrees 
30 minutes and ii) degrees weft longitude. Thefe illaadi 
are moftlyfemous for producing the Madeira wine, of wbic^a 
no lefs than 30,ooo hogOieads are annually exported. fl 

14. The Azores, or Western Islands, arc fituate^fl 
between 3j and 3a degrees well longitude, and between 37 
degrees and 40 degrees north latitude. Being (yoo miles 
weti of Portugal; and lying in the midway between Europe 
and America. Of thefe St. Michael h the largell, being 
near loo miles in circumference, and containing ;o,ooo 
inhabitaQts. Tercera is the mofl: important of thefe iQands, 
on account of its harbour, which is very fpacious, and af- 
fords good anchorage. There are feven other of theSf 
iflands : their namei are Santa Maria, St. George, Gracjpla. 

f lyal, Pica, Flores, and Corvc. 
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SECT. IX. 
OF AMERICA*. 

America, or the Great Wcftem Consent, frcquenjly 
called the New World, ex tenifa (toip the Sothoegreeof norih 
latiiude, to tbe 56cb d«;grec of foucb latitude ; aod wbere the 
breadth is koown, from the 35th degree, to the i)6th 
degree weft lougirudej extending near 9000 milps in Icngtl), 
and j6go in breadth. A^ it emend! into bulb heinifphei'es, 
it ha; two fummers and two winters. It U waited by ibr 
two great oceans, the Atlantic and Pacific 1 having thefDnner 
on the ead, and the latter on the wef! : b)' tlielj; Teas it bu 
a direfl conimunicatioa with the other three quaners gf 
the world. It i» conipofed of two great cotititients, Norjli 
^d South America, conn^fied together by the (tingdot^ of 
^cxico, which is an ifthinus of ijoo miles Ipqg, and id pup 
j»n only 60 miles broad. 

America is the beft watered of any pflrC of the ^obs; 
even thofc vali trafts of country fitualed heyojiJ the Apala- 
chian Mountains, at an itnmcnfc diliance from the uceai), 
arc watered by inland feas, as tbe Lakes of Canada, which 
give rife 10 feveral large rivers, as the Mlllillippi, the Midiiurj, 
itie Ohio, and on the north, tbe riwer St. Lawrence, all of 
them being navigable to their heads, which is a great advan- 
tage for commerce. 

South Amrkica isbetterwaterecl, if poflible, than North 
America, having the iwo largefl rivers in the world : viz, — 

• To fuch pctfons as with to mate themtelvfi ihoioughlj' acqit^lnicd 
with ihis ptii of tbe wjrid, I would recommtnd a jw rufal of llm Rev. 
n. WlnieiboihaDi'i Hlflurical, Geogiaphicul, CcmitKrcial, and PI1II0- 
fophical View of Uu Dniled Slalei of America, in four lirec volumei 
.1*0. iUuflrated by • complete Alia* and olhci flaies, piice 1/. if^i. 



the river of Ama?otis, and the river of La Plata ; the fomier 

having a courfe of about 3000 miles. 

A country of fuch vail extent on both fides of the equaiof 

muft neceflarily have all the varieties of foils and cUnutesto 

be met with in every other part of the globe. Ii alfo pro. 

duces mofl of the mclals, minerals, plants, fruits, trees, ud 
, wood, to be met with in the other parts of tlic world, And 
' many of them in greater qnaniiiies and higher perfcQion. 

This country likewife produces diamonds, pearls, emenlds, 
I jmetiiyfts, and other precious ftones ; alfo cochineal, ind^ 
■ uiatto, logwood, brazil, fiiftic, pimento, ligfum vitse, no, 

ginger, cocoa or chocolate, fugar, cotton, tobacco, the bal- 
l,Ams of Peru, Tolu, and Chili, Jefuit's bark, mccboacai), 
i iJTafras, farfaparilla, caffia, latnarinds, and a gfeat variety 

of other woods, roots, and plants, many of which were not 
'known before the difcovery of America j bcfides hides, fiin, 
I and ambergris. 

Though the Indians flill live in quiet pofTcffion of nmnj 
^ hrge irafts of country, in the inland parts, yet America, la 
as is known, is generally claimed by four powers ; *izj-» 

the Spaniards, Englifli, Portiigiiefe, and American fettlcn, 
i being the defccndants of Europeans, and who have the 
I brgeft (hare of country, except the Spaniards, who poITefs 
J the largeft and mod extenfive J»ortion of all, extending froin 
I .New Mexico and Louifiana, in North America, to the Straits 
' of Magellan, in South America j except the large province 
, of Brazil, which belongs to Portugal, Surinam, claimed by 

the Dutch, and Cayenne, the property of the French, all in 
. South America. The United States of America pofTcfs all 

that trail of cotintry which is bounded by the Miffi£ip[», 

the river St. Lawrence, and the Lakes of Canada, on the 

north and welt,- and waflied by the Atlantic Ocean an the 

«aft ; and on the fouih by the Gulf of Mexico. 
The American Islands, commonly called the Wefl 
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Indies, was the dtCt of America difouvercd t)y the Eitropmii, 
and are fitiiated in the gulf called the Caribbean Sea, 
between the continents of Nonh and South Ammca, ex- 
tending from the coaft of Florida, to the river Ornouoko : 
they are divided between five European natiuns ; viz. — the 
Englill), French, Spaniards, Dutch, and DaneB. 

As all thefe illands lie between the tropics, their climate^ '' 
and foil are pretty much alike : the heat would be inlolerablfgS 
if it were not for the cradc-wtiiiJi which blow during the for 
part of the day, and the fea and laiid breezes. Their fc^on^'J 
are divided into the wet and dry : in the wet feafons, t 
rain puurs down with fuch impetuoriiy as to overflow I 
riveis, and lay the low country under wate 

The principal trade of the WeCl Indies confifts of fugor] 
and rum : they alfo export cotton, indigo, chocolate, caSi 
and dying and phyjical drugs, fpices, and hard woods; (ttj 
which ihty receive from Europe, manufaflures ; from t 
African iflands, wine ; and from the neighbouring contincnQj 
lumber and provifions. 

The Bahama Islands, which are faid to be joo ■ 
number, lie lo the fouth of Carolina, between at and 37 de* 
grees north latitude, and between 7; and 81 weft longitud^ 
There arc, however, not above twelve of them of any m^'il 
niiude, the rell being little better than rocks or banks, t 
almoll uninhabited, except Provideuce Iflaiid. 

TheB^iMVDAs, or Summer Islands, lie in the AtlandeS 
Ocean, about 500 leagues eaA from Carolina, in 3a degrea ' 
north latitude, and in 65 degrees weft longitude; thefc arc 
faid to be about 400 in number ; but containing not more 
than 3 3, 000 acres. 

The iHands of Newfoundland, Cape Bketon, and 
St. Jo h n, lie at the mouth of the river St. Lawrence ; and 
are celebrated for the quantity of fifh found on their coalls, 
which is fuppofed to increafe the national flock upwards of 



300,000/. annually : in this branch of 
«raft arc employed, and 10,000 hands. 
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BiiTiJB AMKiicA^or the rerritorici on rhe conrinM 

* tetanging to ihe Engllilv are New Britain, Canada, or the 
pravtiice itrQutbec, and Nova Scotia, or Acadia : bouoded 
«n the eafl' aiitl fmith by the Aibmit Ocean and the Am^ 
rfran Stales ; on the north and writ, their boundxriea bnc 
never been dtfined, but are blendetl with the lands of ihfl 
Intltin naiiniis. New Uritsin contains Labrador, «ad Stm 
Ntnti »tid Sbtith Walei. Can'iia contains [h«r towns of 
Qutbcc, Troi) Kivicrcs, and Montreal, all fituaicd on die 
llVer St. l-awrencir. 

Nora Sal tia contains the tovfns of Halifax, Aiiti^mlii^aKt 
K John's. 

The UtJiTEO States of America arc bounded on ihe 
[ weft by the Iiittian naciuns; on the north, by BritifhABK- 
'i oil the Weft, by the Atlantic; and on *« tooth, bf 
Sfntiifh America ; containing the fnlluwitig Hates or colOnin: 
New Hanipftiire, MalTachufitts, Rhode Ifland, Cvnnedtcnt^ 
New York, New Jerfey, Pennfyivaoia, Delaware, Maryliild, 
Virginia, North t;aroii:ia, South Carolina, Oeor^o)' VeN 
i',«»n^ WcflCTn Territory, and Kentucky. 

■ The United States, in the year 1776, were only ij |a 

^isymber; Vermoni, Kentucky, and the Wefteni Territotr, 

e been added Cnce. The Wcftern Territory is of fuch 

J.««teiit, that ihc Congrefs have drtennined to divide it into 

en new Hares. 

From the larefl accounts, it appears, that the population 

•f the United Stales amounts K> upwards of 3,083,600 per- 

I fens, who are- compofed of almoH all nations, language^ 

\ ehariAerii and religions: the greater part, however, have 

i defeciidcd from the Euglifh. 

The jangirage generally fpoken through all thefe Rata is 
Ihe Englilli, in which ail their civil and eccleliafiical matten 
, are perliormed, and their records kept. 

There are, however, great numbers of Dutch, Fieacb, 

• Gemmns, Spaniards, jews, and Swedes, who retain, ia m 
t treat degree each their native language, and have thrir i» 
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Ipeftivc places of wordiip ; and in general live comfortably 
and unmolefted, as to principles of confcience. 

New Hhgland is bounded on the north by Canad: 
the eaft by N'ova Scotia and the Atlantic Ocean ; on the fouth 
by the Atlantic ; and on ihe weft by New York ; and is di- 
vided into live dates; viz. New Hanipfliire, MalTachufetts, 
Rhode Illand, Conneaicut, and Vermont, which are fubdi- 
vided into cpunties, and rhofe counties again fubdivided into 
tow ii{] lips. 

New Engbnd is a fine country for paftures; the valleys are 
generally interfered with brooks of water, the banks of 
which arc covered with a traft of rich meadow land. 

The (late of New Yobk is bounded on tlie fouth-eaft by 
the Atlantic Ocean; on the eaft by Conneiflicut, MalTachu- 
ielts, and Vermout ; on the north by Canada ; on the fouth 
and fouth-weft by Pennfylvania and New Jcrfey : being 350 
miles in length, aod joo in breadth ; and containing about 
44,000 fquare miles, equal to 2S,j(jo,ooo icres. The river 
St, I^wrence divides this ftate from Canada. The fettlements 
formed in this Hate are chiefly upon two oblongs, extend- 
ing from the city of New York eaft and north. The eaft 
is Long Ifland, which is 140 miles in length; the other, 
rjctendiiig north, is about 4a miles in breadth. This ftate 
evporta tb the Weft Indies, bifcuits, pea^ Indian corn, 
apples, onions, boards, flaves, horfes, ftieep, butter, cheefe, 
pickled oyfters, beef, and pork ; but the principal [lart of 
their trade is wheal, of which, in the year 1775, they ck- 
ported 677,700 bulbels, and 255; tons of bread, beftdes 
3828 tons of flour, for which they receive in exchange the 
commodities of the Weft India illands. 

Nnw JekS£V is i6d milej in length, and 52 in breadih. 
Bounded on the eaft by Hiidfon's river and the fea ; on the 
[fouth by the fea; on the weft by Delaware bay and river, 
, which divides it from Pennfylvania j and on the north by a 
kliue drawn from the mouib of Mahakkamak river, in lati- 
c c tude 
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!s 14 mbiiite*, n> ■ paiat in Hudfon's river, 

L|pfaBiaMle4T degrcBj CBotamiag iboM 83 to fqtuxc imlcs. 

TUi bit bs a pcu mietj of Ibil, from the worft to 

:. But k ""bJ"^ a gtoeer portioo of barren hnd 

J odxr laae^ Aoc bdi^ oariy one Ibanh of tlui 

E anfic fcr ohindati. Bm thofe parts which are frnafnl 

* equal in fertiiit; to anr pvt of tbc Unittd States. 

Iw fiarc of ?Es«iTi.vASiA ti bododed bjr Debware 

r oo [ht eafi; b* die Cbue of Nnr York oa dw Donh; 

I|7 ifae panlid of bnnide, j^ dcgrm 4} mmiues tS fe- 

con^ oatfiefeiiilii and by a rnovSaii Gne drswo frotnlle 

tai psralld at live degms of lot^twk, frotn a paint as 

' Delaware mer wdi. Tha IbK ties in the form of tt pfrf- 

k Idognun. Tlie norrh fide of hnDfrlraoB b die beft ia% 

■1 moQ popalaced, owing to the gren number of new nvk 

tlrbicb hare laieiy been made. 

Tbeflateof Delaw4ie is bounded on the novth bvtfe 

^ttmtoml Doe (which is a drde), defcribed witb a ivKnt of 

t Englifb miles, and whofc centre is in the middle of the 

nrn of Ncwcafile, which diridcs it from Pennfylvana- oa 

rea& by Delaware river and bajr; on the fouth br a fine 

irawn due cafl and weft from Capr Hcniopcn in 38 denes 

}o minutn north latitude, to the middle of the pemirfb^ 

vhich linedividesthc date from Worcefter connty, ■■ >faj- 

^^od ; and on tbe wfit bv Marybnd : contaioii^ about lait 

Iqnarc niiles; being 93 miles in length, and 16 ta tu M Jjfc, 

The (late of AlAiYLkNit is bounded on tha neatk bf 

Pennfylvania ; on the eali by the Delaware fiate; oa dv 

foulh and foutb-caft by a tine drawn from the ocean over the 

peninfula {dividing it from Accomac county in Virginal, n 

the mouth of Pstomac river, and froni thence up the rim 

to iti firft fource ; from thence, by a due north Bot tiU it 

ioterfea* the fourhem boundary at Pennfyirania : beioe lU 

miles in length, and 1 10 in breadth. The foil of Maryland. 

•here it u good, will produce from 13 u> 16 bufhefe of 
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»Iieat, or from so lo 30 bufliels of Indian corn, per acre. 
Their trade is chiefly with the other ftaies, the Weft Indies, 
and fonie parts of Europe : to which places ihey annually ex- 
port 30,000 hog(heads of tobacco, befides great quantities of 
pig-iron, lumber, flax-feed, and proviSons. 

The ftate of Virginia Is bounded on the eaft by the 
Atlantic ; on the nortii by Pennfylvania and the Tiver Ohio ; 
on the weft by the Miffiffippi ; and on the fouih by North 
Carolina: being 758 miles in length, and 214 in breadth. 

Theftate of Kentucky is bounded on the north-weft by 
the river Ohio ; on the weft by Cumberlaad river; on the 
fouth by North Carolina ; and on the eaft by Sandy river, 
and a line drawn full fouth from its foiirce to the northern 
boundary of North Carolina : being i;o miles in length, and 
200 in breadth. The fertility of the foil is fuch, that the 
land, in common, will produce 30 buftiels of wheat, or rye, 
an acre. The beft lands are too rich for wheat, and will 
produce from 50 to 60 buftiels of good corn per acre ; and 
few foils yield more and better tobacco. 

The (late of North Cakolina is bounded on the north 
by Virginia J on the eaft by the Atlantic j on the fouth by 
South Carolina and Georgia ; and on the weft by the Miflif- 
fippi : being 758 miles in length, and 1 10 in breadth. 

The fiate of South Caeolina is bounded on the eaft by 
the Atlantic ; on the north by North Carolina ; on the fouth 
and fouih-weft by the Savannah river. The weftem boun- 
dary is not afcertained. It is reckoned 2,00 miles in length, 
and 13; in breadth. 

The ftate of Giorsia Abounded on the eaft by the At- 
lantic; on the fqpth by Florida; on the weft by the rirer 
MilEffippi ; on the north and north-eaft by Smith Carolina : 
being 600 miles in length, and 2 jo in breadth. 

The Wb=teen Tir«itoky includes all that parlof the 
United States on the north-weft of the river Ohio ; bounded 
on fte weft by the Miffifllppi river ; on the north by the lakes ; 
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onil'ceaft by Pennfylvaiiia; and on chefouth and foil th-eaft 
by the river Ohio; combining 411,000 fqu»re miles, cqasil to 
063,040,000 acres, from which deducing 43,040,000 acirs 
occupied by ihe warer, there remain i2o,ooo,noo acre«, 
which are 10 be fold by Congrefs, for the difcharge of the 
national deht. 



Territories of Spain iit North America, 

The dominions of Spain, in North America, extend from 
Si degrees to 120 degrees weft longitude, and from 8 ta 
43 degrees north latimde. Bounded on the north by die 
United States and the Indian nations; on the weft by dx 
Pacific Ocean ; on the eaft by ihe Gulf of Mexico and ibe 
Atlantic j and un the foiitb terminating in the Illhmtis oi 
Parien. They contain the following countries, tiz, Eaft 
Florida, Weft Florida, New Mexico, California, and OU 
Mexico, 

The foil of tliis cittenfive traft of country is very vguioiR, 
but in general fertile ; and it is in the moft moutrtafnoas 
parts thai the mines of gold and filver are found. Theriris 
in general warm andpleafant; but ilie northern parts lnTe 
very cold winds; and the fouthern parts, lying within ^e 
torrid zone, are exceedingly hot. 



Smith America. 

South America, from the northern coaft of Tena 
Firma, and the Ifthmus of Daricn, to the Strai'.e of Magel- 
lan, belongs to :he Spaniards, except the province of Brazil, 
which belongs to the Portuguefe ; and the fetllements of the 
Dutch in Surinam, and thoft of ibe French in Cayeiiqe. 

Bkazii., 



BtAZii^ belonging to the Portugnrie, extends from the 
equaior lo ;; degrees Ibuth Udtode, and frtmi >$ lo 60 d» 
grtvs wed longitude. Bounded on ibe north bv die OKxiita of 
the river Amazons and the Atlantic; ou the eaft by the At* 
JanCic ; on the foath by the moiitS of-the nTcr Plata ; and oa 
the M-ed by the unknown country of the Amazoiu. 

C«TENME i> the only feltlenieni in the JoHtbeni ctmtinent 
of AmcricB retained by the Trench, and is fituated between 
the equ:icor and 1; degrees north latitude; and between 
52 degrees 15 minutes, and 55 degrees jo minntn weft 
longitude. It eTCiends 340 miles along the coalt of Guiana, 
and near ^09 miles inland. Boiijidcd, by Sptinam on the 
north; by the Atlantic on (he eaft; by Ainazr>nia on the 
fouih; and by the territories of the Indians on the veft. 

SuniNAM, or Dutch America, lies between 5 and 7de- 
gret's north Utitude; and is l^unoeO on the north by Cay- 
enne; on [he weft by Terra Urma; oil the fouth by the In- 
dian ijationi ; and on the rail by the river Oroonoko. 

The ddmiflions «f Spaini fo Se^tli 'America, contain the 
oUowing exte.ifive countries, viz. Terra Firma, Peru, Chili, 
Paraguay, Amazonia, and Paiagonia ; estendiiig, as before 
obferved, through the whole Torrttnenl of South America, 

The climate and foil of Spanilh America vary greatly, 
from the hot burning fpd And fmpking fwamp in th? north- 
ern parts in ifie torrid zoni, to tile cold regiun of the fouth- 
ern part, near Cape Horn. 

The illands of Souih America are Terra del Fuego, the 
Falkland Iil.md>,and the idand l'F Juan Fernandas; the Ittter 
of which gave rife to the famous fiory of Rebinfon Cnifoe^ 
* from one Alexander Sslkirk, mariner, native of Scotland, 
who was put afliore on this -ifland by his captain, in the 
year 1697, 3nd difcovered hy Woodcs Rogers in the year 
1709, wl|o took him on board, Jnd brought him to Eu- 
rope; after having been on this uninhabited iflafid for twelve 
^ears. 
' ■ " The 
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The numberofinhabiarts in the known parts of the world, 
K^CDcnputed at a medium from the beft cakutaQoas, an about 
I Wnc hundred and 6fty-lhree milUons ; viz. 

Europe contains 153 niillioQa 

Afia - - - 500 

Africa - - - 150 

America - - 150 

955 
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r THE PRIMAKV PLANETS. 




IScroKB I proceed to the defcriplion of the Primary Pia- 
' nets, it will be ncceiTary to take a view of the folar (vfiein, 
-^ with the order and economy of the motions and courfes of 

thofe plar 

_ The fyfteois which have been moil generally received hi 
"aftronomy, are the PmkmaU, the Ciprmkan, Pjthttprtm, 

and the Tj/ciaait. 



The PinUmau fyflem, fo called from its inventor Ptolomy, 
fuppofes the eartli to be placed at reft in the centre of the 
uaiverfe, and the heavens revolving about it from eaft ta 
weft, in the fpace of twenty-four hours, and by this motioB 
carrying the fun, (brs, and planets, completely round the 
aanh in tliat fpace of time. 

It was this fyftem which Ariftotle, Hipparchus, and moft 
of the philofophen of luitiquity defended lb ftrenuoufly, aad 
was followed by the whole world far many ages, and longer 
reuined in many learned univerfities. But latter improvc- 
menti and more evident demonftrations have now utterly ex- 
ploded it. 

In the Tychmie fyftem, invented by Tycho, the Dane, lh« 
earth is alfo fuppofed to be fijied in the centre of the univerfc, 
and all the heavenly bodies performing a revolution round it 
in the fpace of twenty-four hours, as in the Ftolomaic fyftem j 
but with this difference, that it allows a monthly motion t» 
the moon round the earth, and alfo the proper motions of 
[he fatellites about Jupiter and Saturn. It alfo fuppofes the 
fun to be the centre of all the primary planets : the primary 
planets being carried round the fun in tbcir refpeAive periods, 
' while the fun, with all the aforcfaid planets, revolve round 
the earth every twenty-four hours. But this fyftem was fo 
inconfiftent whh obfervauons, that it had but few followers. 
It was therefore altered by Longomontanus and others, who 
allowed the diurnal motion of the earth on its own axis, but 
denied its annual motion round the fun. This improved 
kypothefis is called ihe fimi-iyclmic fyftem. 

But thefe fyftems have now given place to that called the 
Ciftrnican fyftem, which undoubtedly is the moft ancient la 
the world. It was firft introduced into Gjwcc and Italy by 
Pythagoras, and from him called the Pythigorean fyftem. It 
was adopted by Philolaus, Plaio, Archimedes, and all the 
moftandenlphilofophers, but was at length iofl undeir ihe 
Peripatetic philofophy, and reftorcd again about the year 
ijso^ bj' Nic. Co|>eriucut. 

£ This 
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This fyfiem has been proi-ed by the mod cvtdem donoi:- 
il«tioii» lo be the only (rue one, 1 fliall therefore confine 
Biyfelf lo the <lefcripiioii of this alone, and the phcuomena 
that arife from it. 

Fig. I. Plate 15, is a reprefentatioji of this fyflcm, where 
the feven concentric circles, marked Mercury, Venus, Ae 
Earth, Mars, Jupiier, Satitrn, and Georgian Sidus, reptc- 
fem the urbits of thefe feven primary planets, perforaun^ 
each its anjiual rotation round the fun, which is placed in the 
centre. The next two circifi rcprcfent the twelve ligns irf 
theiodiac, with all its divifions into thirty degrees in each 
fign. And, latily.the two next ontercirclcs Qiow the twcKe 
calendar months of the year, with their divifions into dayi. 
Of each of which in their order, 

A planet, in ihe literal fenfe of the word, fignifies a wan- 
derer, or wandering ftar ; and is therefore ufed in contradif- 
linflion to the flars which u'e call fixed. It is a celeftia! 
body, globular and opake, and revolving around the fun, or 
fome other planet, as a centre, at leaft as a focus to jts ortnl, 
which aUvays ha? a moderate degree of ecceniricitj-, fo that 
it is never much further from the fun, or centre of n 
at one tinie than at another, in projiortion to the dia 
of its orbit. 

The planets are either primary or fecondary. 

Pri mar;.' planets, fomttimescalled planets, by way of en^ 
nence, are thofe fcven above defcj'ibed, which tnove round 
thefnn, as their common centfej or focus of their Orbits. 

Secondary planets, or faielliies, are fach as move round 
fome primary planet, as their fijcns, in llie fame manner ai 
;the primary planets move ronud the fun. Such are the 
. vhich moves ronnd the earth, and the four niootu 
^ of Jupiter, the (even moons of Saturn, and the fix of the 
' Georgian bidus. 

The primary ])lanets are divided into fnperiorand inferior : 
the fuperior phntis are thofe th;it perform their revolutions 
rouuJ the fun at a greater diftancc from the Tun^, than t 
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Earth is, as Mars, Jupiter, Saturn, and the Georgian. The 
inferior planet? are thofe indrded wiihin rtie ortir of the 
earth, as Venus and Mercuty ; as may be fetn in the figure. 

The planets were formeriy reprefented by the Tame cha- 
raftrrs which the chemifts inacfc ufe of, to reprefent their - 
meiab by, on account of a fuppofed analogy between thft 
planets and ihofe metaU j and thefe charafiers are ftill u(ed^ 
to avoid confUfion. 

Thus, Mermiy, anciently called the meflc'iger of the Gods, 
was lignilied by the charai'>cr § ; which Rood for (he metal 
mefcnry, and alfo bore a rude refemblance to the htathen 
deitf of that name, being a man with wings on his head and 
feer, . 

Vaatt^ the n»[ planet in order, fo named from the God- 
defs of Lovtf, was charafterized by ?, for the figure of a 
woman ; and denoted the metal copper. 
■ Ttllui, or the Earth, was charafteriied by Q; and is the 
third planet diftant from the Sim. 

Man, or (he God of War, was denoted by J, and repre- 
fented iron ; and fuppofed lo bear a refemblance to a maa 
holding out a fpear. 

^f/itter, the chief of the heathen gods, was marked 1(, to 
reprefent thunderbolts ; and fignified the metal tin. 

Saiurn, the father of the gods, was reprefented by J), to 
refemble an old man, fapporting himfelf with a ftaff; tliC 
fame charafter being iifed for the metal lead. 

The G^'ji:iH, or Herfchei, is denoted by IJ, the initial of 
Dr. Herfchel'a name, with a crofi for the Chriftian planet. 

The erir'i of a flanti is the path it defcribes in going round 
the Sun ; they are reprefented in the figure by concentric cir- 



cles. The Earth's orbit 
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Kepler was the firft aftronomer who difcovered thai the 
_ orbits of the planets were not circular, but of an 
• form, in the form of ilie figure (fig. a), having the Sun II 
■ sne of the foci thereof; and be further difcovercd thefe two 
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TloS kt dtf (% It be [&e ate sf a pj^v^ v a 
riSpfc. B viae::! .: is l^ csaoc, nd cf die two ibci •( !«. J 
^ is oOK of wtiicB fbd ok &■ ic ]rfiiiil_ ^ fiiiipiii ix 
(if the ma ii^be eqaatia tfacneaA^y^ tfen 
M Ihi( ia de&i3ng tfas pvt of lU otfHL Jb^ 

Jod of Ife adM s olkd ifac fine of di^^q 

thspnocof fbc Kae ■(« tbc Smtr or 

oiled the lover ap£i, or fa^tiim . 

pfaact » in Ui « |ih iPn i , iu nadoo n the Ocmcfi «C ^^ 

w)m in ihc pc ri bdJou the giikfcffi. 

Tbe axil of a placet a ui ifm^iurr t™-, fbppo&d k 
(lawn tliraogb tii: ctioxz^ abHU wlnck ike phiKL i 
a diumal rouiioa. 

The UKibod of defcribins aa ellipfc u this: 
two pint. Of points, a i, with a piecr of tt: 
a pea, Of pencil, J, in the double ot ibe cbrad, i 
tWipU d ef, kceiung tbe thread exccnded to il 
by tbe pencil, d. And note : tbe two fijced poio 
which hold tbe thread, are always the iwo fbc 
and the nigher thefe two foci are together, 
elli(jfe will approach to tbe form of a circle; and tbe f 
they arc diftanl firom each other, the farther the cllipfe ( 
para from ■ circutar form. The difboce a c, 
tbe diilflDCe front the centre to either focus, it called thv c 
Mnuiciiy. 
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The orbits of the planets are not all in the feme plane j, 
neither arc any ttro of ihem in the fame plane : but the plan* 1 
of ilic ecliptic, or Earth'i orbit, inreifeifts the plane of tixM 
■orbit of every oilier planet iti a right line, which 
through the Sun, called the line of the nodes ; and the points^ 
of interfeftion of the orbits are calleti the nodes. 

The different indinaiioni of the a\h of a planet to tllJ ? 
plane of its orbit are the caufe of the different fcafons of the I 
year in that planet; and the diurnal rotation of the planrtj 
iround its axis produces the fucceflive changes of the day 1 
ilighl. Thus, in the Earth's orbit (fig. 3), let A reprefca 
the Earth in the fummer feafon, on the a ift of June. N S ii 
the axis of the Earth, N being ilie north, and S the fouI| 
pole, about which the Earth performs her revolution 
twenty-four hours. Let f a rcprefent the path defcribed b 
the city of London, in the rotation of the globe round its 
Now the reafon why the days are longer than the nights 1 
this feafon of the year in Lr>ndoii, will be evident, from 4 
bare infpeflion of the figure. For the axis of the Earth bein^^ 
tnclined to a perpendicular drawn to the ecliptic, in ai 
of twtnty-three degrees and a half, and the city of London 
being fituated in the fifty-fecond degree of north latitude, 
which is nigher the north pole than to the equinoftial, it will 
not pafs through near fu great a fpacc of the dark Iide of the 
Earth, or that fide o|ipofiTc to the Sun, as it will through the 
illuminated part of the Earth, or part next to the Sun. The 
jiights, in this feafon of the year, only continue while Lon- 
don defcribes that part of its track, fnim f to i, and from i 
to c, on the other fide : but as foon as it arrives at /' it will be 
daybreak, and the day continues while London defcribes that 
part of its track from ito a, and from o to i on the other fide 
of the globe ; and when it arrives at a, the Sun will be on the 
meridian, or it will be then noon-day. The length of the 
day, therefore, will be to that ef the night, as the finance 
'eito tbat of i a, 

■ But when the Earth arrives at B, which is on September 
D D 3 the 



rhe 23*'< '^' -"^'^ °^ ''"^ Earth always keeping in the fa fix 
pofition, the (jays will be equal lo the iiiglics i for theillu- 
U^injled parls of ihe Earth will extend exactly froin ibt 
north iP 'he foiirh poles ; ani! iherefore, in the patTige of iht 
parth from A lo B, the length of [he days •yiiX gradually 
decreafe in the noriheni latitudes, t>ut ificrcafc iu the foiith- 
ern latitudes. 

Fig. 1. Mtrcuiyislhe fniaileft of all the prtmarj- plantls, 
and iteareR the Sun ; performing his revolution iq a left 
fpace of time than any of the reft, riiund the Sun, and with 
a very rapid motion. This occafioned the Greeks to giseii 
its prefent name and charafler, calling it, as before obferrBi, 
llie melTenger of the gods. 

The mean diftance of this planet from the Sun, conipind 
with that of the Earth from the Sun, is as 38^ to 1000; 
therefore, hii diftancc from the Sun is about 37,000,000 
piiles, or little more than one third of the Earth's dtftance 
from the Sun. Hence, the diameter of the Sun, feen from 
Mercury, will appear near tliree limes as large as when feea 
from !hc Earth; confequently, that planet receives aboiil 
feven times as much heat and light from the Sun, as Chis 
Earth does. — This is a degree of heat fufficieut ip malte 
wafer boil. 

The diameter of Mercury is not one third of (hat of the 
Earth, or about a6oO miles ; therefore, its furface is neadj 
one ninth, and its folidii)' one live nty-feve nth of that of the 
Earth, 

The orbit of Mercury is inclined [o the plane of the eelip- 
tip, or Earth's orbit, in an angle «f 6 degrees 54 minuter 
He performs one entire revnlotion round the Sun in d»f 
fpaceof 5? days 2} hours 1;^ minutesi therefore, ifie fum- 
mers and winters in that planet cannot be more than 44 days 
each. His greatcft elongation from the Sun, that is, (hf 
greatcft dlftance that he is feea by us to depart from the Sun, 
js a8 degrees ao minutes : the eccentricity of bis orbit is 
pjje fifth of his uroportioiial /ne^rj diftjuice from the Sun, 
, ,. which 
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wiiich is far greater than thai of any of the oiher planets; 
and the pace with which he moves in his orbii is at the an)*- 
zing rate of about 95,000 miles in an honr. 

The place of his aphelion is 14 degrees 13 minutes of 
Sagictary ; the place of his afcendiiig node is 1 ^ degrees 47 
minutes of Taurus, and confequeutly that of ihe defccnding 
node, i£ degrees aud 47 minutes of Scorpio. 

The length of his days, or rotation uu his own axis, in> 
clination of his axis to his orbit, gravity on hh furface, den- 
Ciy and qiiatitity of matter, are all unknown. 

Mercury is obfcrved to nppear with vaiious phafes, like 
the Moon ; varying according to hlii various pofiiions with 
regard to the Earth and Sun; therefore he never appears 
with a full lace tou-ards us, except when he is too near the 
Sun to be di(lin31y feen; for hU enlightened face is alwavs 
towards the Sun. From ihefe obfervations it is plain, that 
Mercury, like all the other planets, is a dark opake bodj-, 
having no light of his own, but what he receives from the 
Sun; for, if he had, he would always appear completely 

The bcA ti[)ie to make an obfervation on tliis planet, U 
when it is feen on the Sun's dilk, tailed its tranfit j at which 
time it paflis before the Sun, and appears like a little round 
black fpot on the Sun's furface, eclipfing a fluall part thereof, 
and is only viiible through 3 teiefcope. And as thefe lranlit> 
can hap]>en only when the Earth and Mercury are both in 
(he fame node of Mercury, (that is, on the (Jth of November, 
and the 4lh of May j) and at which lime Mercury miifl alfo 
be in an inferior conjimflion, it «ill follow, ih.U at thefe 
times, when Mercury is in the inferior coiijunftion with the 
Sun, he will appear to pafs over the Sun's dilk. 

But in all the other parts of his orbit, he wiU never make 
a tranfit oVcr the Sun, though he may be in an inferior con- 
junflion, becaufe he goes either above or below t!ie face of 
the SuJi. GalTendi, in November 1631, firft took an obfer- 
yation of this Kind; and Mr, Whiftou has given a lift of 




, fereral tranfits of Mercury : viz. — November iitti, at 3 
bours 44 minutes, afternucn, in 1 7S3 ; May 41(1, at 6 
hours 57 minute?, forenoon, 17S6; November jlh, 5 
hours SS minutes, afternoon, 1789; and the 7th, s 
hours 34 minuKs, afternoon, 1799- 

feniis, the brighleft, and, to appearance, the largeft of 
all [he planets, h the next inferior planet, and is difliii- 
guiflied from all the reft by her brighlnefs, and while «p- 

J pearance : her light h fo confiderable, that in a dufky place 
ihe will often caufe an objefl to projeft a fenfible (hadow j 
and her brightnefs is fo great, as often to render her vifibl; 
in the day-time. 

r As Venus moves round the Sun in an orhU within the 

Earth's orbit, like Mercury, fhe can never be feen in oppo- 
lition to the Sun, though (lie departs farther from him than 
Mercurj- does; her greaieft didance from the Sun haag 
about 47 degrees 48 miuutes, as feen from the Earth. 

When ftie is on the weft of the Sun, which happens /rom 
her Inferior to her fuperior conjunftioo with him, ftie rife^ 

i in themorningbefore the Si:n, and is then called tt.e mttrnitg 

' /lor; when the is to the eafi of the Sun, which is from her 
fuperior to her inferior conjnnflion, flie fets after the Sun in 
the evening, and is then called the neni'i^J^ar. 

The diameter of Venus is nearly equal to that ot the 
Earth, being about 7687 miles ; her apparent mean diameter, 
feen from the Earth, is ;8 Jeconds ; but her apparent d)a> 
meter, feen from the Sun, or her horizontal parallax, is only 
30 feconds: her diftance from the Sun 6S,oao,oQo itiiles - 
her eccentricity Ta'0-5 of her difiRuce, or near 476,000 miles, 
The inclination of her orbit to tlie plane of the ecliptic is 
3 degrees 33 minutes ; the points of their interlefiions, or 
nodes, are in 14 degrees 0/ Gemini and Sagittary. The place 
of her aphelion is q degrees 38 minutes of Aquarius. Her 

L axi* is inclined to her orbit in an angle of 75 degrees ; her 

F periodical courfe round the Sun is performed in 224 days 16 



hours 49 minutes. The diurnal rotation round Uer Jtait h 
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not certainly koowii : Cal&ni nukes i( 3j hours, but otberi 
make it much more. 

When Veims is obferved through a good telefcope, (he b 
perceived to have various phafes and changes, hkc ibofe of 
[he Moon i her illuminated parts beuig cunQantly turned 
toward;, the Sun. 

Dr. Herfchel made many obfervations on this planet, 
bnweca the years 1777 aiid 1793. The refults of his ob- 
lervations are, that this planet has a rcfolutioa about its owo 
axis, but the periodical time of whicii be was uot able to 
afcertaini that the portion of its axis cannot certainly be 
known; that tlie planet's aimofpbere is very cou fid erable ; 
the furface of the planet healfo found to be divcrShed with 
hiUs and vallies, and other inequalities. But the atnnorphere 
of the planet appeared fo denfe, or Come other ob^ru^ioa in 
the region o( the planet prevented him, as he fays, from 
having a particular view of the mountains, tiiough aShCioi 
by the bed inftrumeuta. 

The tranHts of Venus happen but feldom. One of thef<r 
tranfits was feen in England, in the year 1639, by Mr. Hor- 
rox and Mr. Crabtree: two more were feen in the Ult 
century; the one, June the 6th, 1761; and l)ie other in 
Juiie 1769, There will uot happen another tiil the year 
.374. 

In all other refpeds Venus has the fame appearance to u; 
s^larly every eight years; that is, her conjunftions, elon- 
gations, times of rifing and fetting, being very nearly the 
fame, and on the fame days. 

Some aftronomers have difcovered, or imagined ihcy have 
difcovered, a fa:ellhe beloaging to Venus: of this number 
was Caffini, who, with a telefcope of 34 feet, in the years 
1671 and 1686, ihoURhi be faw a fatdiiie move round tbit 
planet, at the diftance of about ihrre fifths of Vemis's 
diameters. And Mr. Short, in 1 740, with a refleflor of 16 J 
inches tbcus, perceived a Imall liar near Venus : and uith 
a^oiher telefcope of the fame focus, and magnifying to the 
60th 



I 




I^S 



OP ASTRONOMr. 



fioth ponJer, he fouiid its dillance from Venus abour lo 
minutes i and niiUagiafs magnifying to the 340th power, 
he obfL-rved the different pbafes of this iatrllitc; and its 
diameter apprared to be near one third of that of Venus. 
And feveral oilier acute obfervers' ha»c imagined they dif; 
euvered the fame thing. 

The Eafih^ Hie next primarj- planet in ord« from the 
Situ, is our habitation. Jt performs its revolution rounct 
the Sun, at the diftance of 95,000,000 miles. Like ail the 
Other primary planets, it has bfith a diurnal aiid ' annml 
motion ;— its dinrnal motion is that by which it tiitns itxaA 
hs own arfis in the fpace of 14 hours nearly, frttm wefl 10 
caft, and thereby caiifing the Cotitinual fucceffioh of day and 
night. Its annua! motion is that by which it is airridf 
round the Sim in its own orbit, and between theorbinof 
VetiBs and Mars, having the orbits of Venus and Merturr 
within its own' orbit, or between' it aiid the Suii, whfcli is in 
the centre; and lliofe of Mar;-, Jupiter, Santrn, the Geor- 
gian, Sec, wiihont, or above it, ivliich are therefore cdled the 
fitpcrior plancrt, and Mercury and Venus the irjfrrior ones. 
ThU aiinttal Wimimi' is accomplifhed in the fpacc of -is vear, 
or j6j.fey36 hours, or rr.ther j,6^ days, '5 hours, 4S mlrtnes, 
4S iecoii'M: — tfiis is tailed the tropical yean But ihp iftne 
the Earili takes 10 perform its annual revokition, fromnof 
fixed ftar (oiihe ftme agair; as feen from the Simi 'ig'*^' 
days, 6 Knursj 9 minute-, 17 iecbnds, which is the Gdenif 
year. The figure of ilic EartH's orbit, as thai of all (he 
other planets, is elMpiical ; the eccentricity of the orb if, or 
diftanceof the Sun in ihe fucus from the centre of tht oH>i: 
isabout oneTixlieth pari of iheniesn diftnnce of the Earth 
from the centre.- The Earth, as well as ell (he tnhcr pla- 
nets, performs its annual rcvolniioii according to the itatural 
order of the ligns. ' ■ . ' 

By the ditimhl rotation of the Earth on its axis the 
appearance is produced a* If it were fixed, andthetun 

J''*'^'""" *■■■'■ ■ ■-■■' '■■-"' ^'i' ■ ftars 
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ftars moved round them every 24 hours. For iheir turning 
round from weft to caft, caufes the Sun, and all the heavenly 
bodies, to appear l» move the contrary way, or from eaft to 
weft, as is imagined 10 be the cafe by the vulgar and illite- 
rate. Thus, when, by the rotation of die earth, the obferver 
is brought to that part where he fees the Sun or a ftar juft 
riling above ihe horizon, in the eaft, they are faid to be 
fifing ; and as the Earth continues to move, other ftars will 
appear to rife, and advance weftward ; and when, by the 
motion of the Earth, the obferver is brought direftly under 
the Sun or ftar, they are then faid to be on die meridian ; 
after which, by a continuance of the fame motion, the ob- 
ferver is brought to thc-eaftem fide of the Earth, when 
the Sun or Rtt will appear to fet on the wcAern lide 

The diameter of the Earth is 7937J miles; though fome 
make it 7964 miles. 

The Eanh, ihrougliout its antiual orbit, always keeps i it 
^xis parTtllel to itfeif in every part of Its orbit; thereby 
occafioning all the varieiies of different feafons of the year, 
and the different length rtf the days and nighti, as feen in 
_/^, j; the Sun euligbiening more of the north polar parts, 
at one feafon of the year, and more of the fouthern parts 
at the oppoCie feafon of the year ; thus produciug the dif- 
ferent degrees of heat in the different feafons; for in ilie 
fummcr feafon the heat of the Sun is increafed by two caufes, 
viz. I. By the Sun's rays being more vertical to tliofe 
iituated in the north parts of the globe j and, confequently, 
the heat is not diniiniftied in palling through fo great a 
portion of the atmofphere, as when the rays come more 
oblique. And, adiy, having the light, and confequently 
the heat of the Sun for a longer fpace of time in the fummc' 
than in the winter. All which will be evident from an in' 
fpeftion of the figure. 

What is here alTencd, concerning the Eanh, holdi good 
\0L. It. ■ E with 
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with regarJ lo all the other plancls, as each of chem nvotva 
stbout an axis, which is not pcrpcndicubr to the plane of 
{[s orbit, but inclined thereio in a greater or Icfs sngle; and 
which axis is always paraUcl to Ufelf iii every pari of dit 
planet's orbit. 

The figure of the Earth, like that of all the other {damUi 
is thai of an oblaie fpheraid, which Sir Ifaac Newton ih- 
monftrated to arife from the rotation of the Earth abcwt 
its axis ; and by the obfervation and experiments of btet 
aftroiiomers, the polar diameter is to the equatorial diattteter, 
as ijfi to 179, as affirmed by that great genius. 

Tne abfulute gravity or dtufity of the whole mafs of Ae 
Earth b to that of the water as 9 b to 3, and to comntoa 
ftone as 9 is to 5. Thus, we difcover the very coofidcnbk 
mean denfity of the Earth, which is almoft double totttf 
of common ftone ; from whence it may be prefumed, tha 
the internal pans of the Earth conuin great quantities o( 
metals. 

Having the denfity of the Earth, its qoaiitit)' of matter i> 
.^fily fo'nid ; being always equal to the produifl of its den- 
fity inuitiplied by its magnitude. 

The iiiirth is, moreover, every where furrounded by in 
atmofpbere, which is that large quantity of fluid maitrr 
extending over the who'e furtacc of the Earth. conGfting of 
air, aqueous and other vapoors, ekftric fluid, &c. whidt 
furround the Earth to a confiderable height, and partake of 
all its motions, both animal and diurnal. 

The atmofphere ferves for innumerable purpofes, and li 
even fJTential 10 both animal and vegetable life; Jt h this, 
iiifinuating itfelf into all the vacuities of bodies, which caufo 
thofe mutations of generaiinn, corruption, dilToIutiun, ic. 

This atmofphere, like all other matter, has the properties 
of weight and prclTure, the quantity of which ts now prciiy 
well known, and is found by the barometer to be equal 10 
an equal column of quickfilver, of 30 inches high; there- 
fore, beciiufcacubicalinch of quickfilveriit found to wai 




r / ^ 

■ OF ASTBONOMT. 2tl ^1 



near half a jioiind avoirdupois, a column of quickfilver of 
30 inches in height, whofe bafe i* one fqiiarc inch, will 
weigh near i; pounds; from whence it follows, that the 
weight of the atmofphere on every fqiiare inch of furlace on 
the face of the Earth is alfo t; pounds. Thus it appears, 
that the prcfTorc upon the human body muli be very con- 
(iderable; for, as every fqiiare itich of furface fuflains a 
prrflure of i; pounds, every fquare foot will TuAain 144 
times as much, or 2160 pounds. 

The atmofphere has been proved, by -late experiments, to 
become more rare, and of Icfs denfity, the farther we re- 
move from the Earth, and that in the following proportion : 
— At the height of three miles and a half from Che Earth, 
the denfity of the atmofphere U nearly two times rarer than 
at the furface of the Earth : at the height of feven miles, 
four times rarer; at the height of 14 miles, 16 times rarer; 
at ihe height of 2 1 miles, 64 times rarer ; at the height of 
a8 miles, 356 times rarer; and at the height of J5 miles, 
I0i4 times rarer, &c. 

Mart is the firfl of the four fuperior planets, and placed 
immediately next above the Earth, including the orbits of 
the Earth, Venus, and Mercury, within that of his. 

The mean diaanceof Mars from the Sun is i^»i ofthofe 
parts of which the diltancc of the Earth from the Sun is 
1000, or upwards of 144,000,000 miics: his eccentricity 
143 of thofe parts of which the Earth is diflant from the 
Sun 1000: his mean diameter is 4189 miles. The lengrh 
of his year, or the period of his completing one revolu- 
tion round the Sun, is 6S64^ days. His revolution round 
his own axis is performed in 24 hours 39 minutes and 22 
leconds. His mean diameter, feen from the Sim, is 1 1 fe- 
conds. The inclination of his axis to his orbit is nothing, 
his axis being perpendicular. The inclination of his orbit 
to the ecliptic is 1 degree 51 minutes; the place of his- 
Rphclion a degrees 6 miiuites t; feconds of Virgo: his 
afcendiog node is ■ y degrrcs ;ij minutes of Taunu. 
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Dr. Herfcbcl has made many obfcrvations on the roEadoii 
of iliis piann about its axis, from which he inferred thK 
the mean diurnal rotation was betweens^ hours 39 mtnutet 
5 fecoiids, and 24 hours 39 minutes is fcconds. He alio 
obfcrved feveral fuiall remarkably bright fpots, near botb 
the poles, which had a fort of motion. He alfo concludcf 
that the inchnatioii oT his axis to the ecliptic is 59 defect 
%z minutes; and the node of the axis to be in 17 degnn 
47 minutes of Fifces j the obliquity of the planet's ccliplu 
aB degrees 42 minutes, and the point Aries oti Mars' eclip- 
tic to anfwer to our 19 degrees aB minutes of Sagiitary. 

The fi.^ure of Mars is that of an oblate fphcroid, like the 
Earth, having hi^ equatorial diameter to the polar one, as 
1355 to IS73, orneariy as 16 to 15. 

This planet alfo has a confiderable, but moderate «• 
mofphere: fo that its inhabitants probably are, in their oa- 
ture, limilar to the inhabitants of this earth. 

Mars always appears with a ruddy, difturbed light, occ<>' 
fioned by the nature ot liis atmofphere. 

Wheu he is in oppofition to the Sun, that is, when the 
Earth conies between the Sun and him, he is nearly fin 
times nearer to us than when in conjun^oii with the Sun, 
or when the Sun is between him and us ; and confcqucntly, 
tn the fonncr cafe, he appears near five times more iarg* 
bid bright than in the latter cafe. 

As he receives his light from the Sun, like the otbei 
planets, he muft neceifarily have an increafc and decroft 
apparently, like the Moon ; he may alfo be obftrved ft: 
times almoft bifeifled, wheu in the quadratures; but 

trer fecn cornicular, as the inferior planets are ; w 
I ihows that his orbit includes that of the Earth, and thai he 
' 4hiues with a borrowed light. 

Between the orbits of Mars and Jupiter there have lately 
been difcovered two new planets : viz. one named tl>e PalUi, 
difcovered March 23, 1802; its eccentricity is greater than 
tbat of Mercury: the inclination of in orbit to the cdi] 



33 degrees 39 minutes : its periodical revolution four years 
five monilis, and real diameter 9; miles. And the Ctrei Ai 
Ferdtnaad, difcovered by Mr. Piazzi, at Palermo, in Sicily, 
on January lA, iSoc: it is not apparently larger than a 
fixed flar of the eighth magnitude ; its elements, according 
to M. Gaufi, are all follow :— inclination of iis orbit 10 the 
ecliptic 10 degrees j6 minutes 57 feconds, afeending node 
a' at", aphelion lo" 16° 27' jS'', eccentricity of the orbit 
.0S3 parts of its mean diflauce, periodical revolution 1653- 
days ; hours nearly ; and real diameter, according to Dr. 
Uerfchel, 162 miles. 

Jupiter is the next fuperior planet, and the largeft of bU 
the planets in the folarfyftrm; in brightnefs, he is nent 
10 the planet Venus: his orbit is fituated between thofe of 
Mars and Saturn. His diameter is above 1 1 times that of 
the Earth ; confequentlv his magnitude exceed* the mag- 
nitude of the Earth above 1300 times. His annual revo- 
lution round ihe Sun is performed in 43}s days S hourt 
51 minutes 30 feconds, or nearly la years. His diurnal 
tevolution about his own axis, he performs in the (hurt 
fpace of 9 hours 56 minmes, by which motion every fwrt on 
his equator is carried rouni! at the rate of 36,000 milei 
in an hour, being about 35 limes fafter than the equatorial 
parts of the Earth move. 

The axis of Jupiter is nearly pcrpenilicular to the plane 
of his orbit ; therefore he has no fenfible change of feafons, 
except very near the poles. This is wifely ordered by Pro- 
tiiience. For if his axi^ mide any confiderable angle with 
the perpendicular of his orbit, jiift fo many degrees 3S it was 
fciclinsd thereto would be near fix years in darknefi round 
each of their poles, in their turn. 

The orbit of Jupiier is inclined to the ecliptic in an angle 
of I degree 1 9 niinutes 1 5 feconds : the place of hit apheliun 
is 10 degrees 57 minuiei 50 feconds of Libra : the place of 
his afeending node is 8 degrees ;o minutes of Cancer, and 
«f hij defceiiding node 8 degrees 50 minutes of Capricorn. 
■ * The 
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Tbff toceatmtVf of bis orbit, is otx twcBlictb put of bis 
naa <li<lvicc fn>m itie Siiii. 

Tbere are fcvcral bini Onniiig fitbflancn which lurround 
Jupiwr, of tliifereni dimcnfimii, callrd hi) zones or bcbSf 
which are u>nfliiiilv changiri^ ibnr fne *nd titi)Ui«MM, raf 
are, tberaforc, generally believed to be cloudi. Tbcy have 
fofnciiinct appeared of diifrrent breacflhi, ai other limes <tf 
tlic fame breadth. Large fpoti have alfo been obfcrra) in 
titefc bell) ; and u-henever a bell ranidiei, as it ofim the cifi^ 
the rpoti otrttigUDUs to it have alfo vanifbed. Tbefe behs 
have fomeiimn been inrcmiptcd and broken, and the brnkeo 
endi of fuLb belu have often been obleived to tcvo)*v 
round ihe planet in the fame lime with the (jtua. The 
fpois have alfo afTumed different appearance ; fome of them 
changing their (liape from a circular to an oblong foim, 
oihcn uniting together in one, and (bmetimn one large otic 
dividing into two or three. 

The difference between ttie equatorial and polsr diametert 
of Jupiter i; upward} of 6000 miles, the former being K> 
the latter at 13 lo 13. 

Jupiter i* attended by four inoons, or fatrllites, fboie of 
ihem larger than our earth, which perform their refpei£tire 
revohitioni round Jupiter in ditFerent periods of time; (b 
Ihjt there h fearcely any part of this great planet but what 
ia enlightened by one or more of ihefc moons during the 
whole night. The periodi, diftanccs in femidiameters of 
Jupiter, and the angles of the orbiu of tbefe mooni, 
from the Earth, are ai follow : 
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Tlie three ncarell moons of Jupiter fall wltliin his fliBdow, 
and arc cclipfed once in every revolution ; but the orbii of 
the fourth laidlite is fo much inclined, that it paHn the 
Ihadow nf Jupiicr without blling Into il two yearn in every 

Saixrn i« ihe next primary planet, end the outermnft 
from ihe Sun, except tlie Gt-orgian. He Ibines with a feeble 
ligbt, on sccnunt of his great diftiince from ilie Sun, which 
,is Aia appatenlly iiicr^aM by his great didance from u«. 
This phiiet lta» aitmacd the mnO attetMion of all the 
.pejiiiMy pUflC'S. oji Bctouiit of his wonderful ring. This 
ring, or rather a double ring, one wilhin the other, fur- 
rounds Ihe body of Saturn, at a diibnte eijual to the 
diameter of the planet. Beyond the ring, feven moons 
perform tUcir refpeiitive revolutions round Saium. The 
rings and tlie moons are all in the fame plane, and are all 
dark dcufe bodies, and therefore call their fliaduwa upon 
each other. 

The phenomena ofthe rings tuve engaged the attention of 
all the aflroDomers, fmce their dHtovery ; fome contending 
it was one entire ting, others dividing it into two or more ; 
but the obfcrvations of Dr. Herfchel have been more f.itif- 
hiftory oil this bead than thofe of his predeceflbrs : he rii- 
vidcs (hem into two ring^, one within the other: their 
dimcnGoDs and Ipaccs, he llairs in the following proportion 
to each other :— 

Mihs. 

Infide diameter of fmaller ring 146,34s 

Oiitfide diamttcr of ditto ■^4i393 

Inner diameter of larger ring 190,148 

Oiilfide diameter of ditto 304,eS] 

Breadth of the inner ring ao,ooo 

Breadth of (he outer ring 7,100 

Breadth of the vacant fpace 2,839 



This ring revolves in lis own plane in lo hotiis }s mi- 
■Utts I ; feconds. 

From the above ftaumcnt it appears, that tbe oulfide 
diameter of the larger rin^ 13 almoft 26 rimes the «Ba- 
mcter of llie Earth. This ring is intiined 10 the plane 
of the ecliptic in an ingle of 30 degrees. When we fee 
the ring mod open, iis fliadow upon the planet is bruadcd; 
and from ihai time the fiiadow grows warrower as tbe ring 
ippears to do to 11;, umil, by the annual motion of Saturn, 
the Sun comes to the plane of the ring, or even wiHi to 
edge; which, being thai dircAed towards us, bccooitt 
tnvilibie. 

Saturn is found to iiave Certain zones or belts, fomewbat 
liiie thofe of Jupiter. Dr. Herrchel lias difcovcreJ artd de- 
monftrated that Saturn has a tlenfe atmolphffre ; that he 
has a revolution about his axis; that hh axis is perp«n- 
dtcutar to the plane of his rings; that his figure, like tbR 
of the other planets, is that of an oblale fpheroid, the pobr 
diameter being to the equatorial as iq to 11; that his riogi 
have a revohilion in their own plane, their axis being tbe 
fame as that of Saturn. 

The annual period of Saturn about the Sun is near to 
years, or 10,761 days 14 hours j6 minutes 45 feconds ; his 
diameter is about 79,042 miles, being near ten times that of 
the Earth; his diftancefrom the Sun is about 9^ times tbM 
of the Earth. 

From his great diftance from the Sun. fome have imagined 
riiat the portion of light and heat derived from the Sun 
is not Aifficient for animal life. But that they have a 
greater portion of light, and confequently heat, than ii a, 
firft imagined, is evident from the brighlnefs of this planet 
and its fatellitrs, in the night-time. Alfo, as the Sun'* 
light to us is 45,000 times as great as that of the full mooa« 
ttie Suo will afford 500 times as much light to Saturn, if 
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the fu!l moon does W iis; and 1600 rimes a; 
piter. Thus, thefe two [ilancls, without any moons to cji- 
lighten liicm, would receive tiiore liglii from the Sun than 
might be at firft imagined; their number of fatetlires, the 
rings of Salurn, and the nature of their alniofplieres, may 
a!fo have a conliderable rlfe^ in increaflug their light and 
heat. For we find that, in our earth, t lie different degrees 
of heat do not entirely depend on the rays of the Sun, The 
inhabitants alfo of ihofe planets are, no doubT, adapted to 
their (ituations. 

Saturn has feven fatelHtes, or moons, performing their 
revolutions round him in their refpciflivc periods, m fol- 
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The four firft of theft latellit» defcribe cllipfes, liite 
, thofe of the ring-,, and arc aifo in the fame plane. Their 
Inclination to [he ecliptic is from 30 to 31 degrees. The 
fifth fatellite defcribea an orbit which is inclined from 1 7 to 
1 8 degrees to ihe orbit of Saturn ; the plane of the orbit of 
this faielitte lies between the plane of the ecliptic and the 
planes of the orbits of the other fiieliites. Dr. Herfchel 
difcovered that tiiii fatellite turn! once round its own axis 
in the time tluc it nakfi ynenvohition about ihepUtiLt 
Saturn; in urliicU,icblM|flBUttOtlTiDWIl. 

The (^wcnm^xdB^^^^^HBKitouiQ ii^at 
Ire primary pta^^^^^^^lPljpiirtQt diameter 

about 
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about four Teconds. It is but Tciiiom he can b« f^n hy ibc 
naked eye; but, having his fimaiion, he may be plunly fees 
with a gooJ telefoope, in a clear night. 

This planet is twice the (Jiftancc from the Sun that Satura 
is, and is nearly 8j years performing his annual courfc. ^l 
is 90 times as large as [lie Earth, The degree of cold in 
this planet is fuppofed to lie extreme, as it is computed tba{ 
the light of the Sun is not above Che 300tb part of what w; 
enjoy on our earth. 

This planet is attended by fix fatelUus, wKich petJiirai 
ttwr revolutions round him as follows : 
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The orbits of thefe fatcllites are nearly perpendicular to 
the plane of the ecliptic; and by the beft obfervatiom 
have been made, it is probable tliat their magnitudes 
equal to, if not greater than, that of Jupiter. The mofi( 
of ihele fix fatcllites is retrograde, or contrary to the ordi 
of the llgns. 

Thefe are the primary planets which coriflitute the fi) 
fyftem, each of them moving, in his own proper orbfl 
rnund the Sun, as the common centre. The Sun, thsf^foi*, 
can hardly be conlidered as a planet, though reckoned as 
fiieh by the ancient aflronomers ; but it may rather be 
ranked as a fixed ftar. He has, in every refpefl, the lame 
properties, being a fixed luminous body, imparting 11^ 



M 

rbl^^H 

'on. 1 



OP ASTBONOMT. 



ai9 



. and heat lo all the planeis, both primary and fccondary, 
found in his fynem. The rcaftn he apptan brighter amj 
larger than any of the fi>Led Ran, is his nearnefs to the 
Earth, in compariron with the great diftaiice of the former. 
For a fpcftitor, placed aj near to any fixed liar as we are 
to the Earth, would fee (hat fiar, in every refpeft, as large 
and as bright a> the Sun appears to usj and an oblerver, at 
fordiftant from the Sun 35 we are from the oeareft fixed flar, 
would fee the Sun as fmall at the ftar appears to uj, aiuj 
would reckon it as otic nf the Qars. 

Though the Sun is faid to be a fixed body, yet hehai a 
revolution round his own axis, which he performs in ths 
courfe nf z 7 dqys 1 1 hours and 20 minutes, which is found, 
by an obfervatioa of the feveral fpots to b? feen on the 
Sun's dill, which pafi from ilic weilern edge of his dilk to 
the eaflerii edge thereof, in the fpacc of kfs than i4dayt. 
And thefe fpots are found to perform one entire revolutioa 
round the Sun in the (pace of 37 days 11 hours and so 
minutes; therefurc we reafonably fuppufe, that this is th; 
Sun's proper motion from weft to eaft, like that of aU the 
pbn». 

Philofophers have been greatly divided in opinion concern- 
ing the rejatter of the Sun ; fome contending it was a ball of 
fire, from the property o; the Sun's raya ailing like fire, 
when Colleflcd by concawe mirrors or convex lenfes ; others, 
asBoerhaave, maintain the contrary ; the particulars of which 
arguments I have not room to infert ; but the following pro- 
perties of the Skin arc demonllrated by Sir ITaac Newton ; — ■ 
I, That the denfity of ihc Sun's heat and light is feren 
limea as grtal on the planet Mercurv as it is with Mi.-^ 
3. That the quantity of matter in the Sun is to that in Ju- 
piter nearly as 1 too is to 1 ; and that the diftance of tli»t 
planet from the Sun is in ibe fame ratio to the Sun's femi* 
diameter.— 3. Thsi ilie quamily of matter in the Sun is to 
t^^^atunia: aj6o to 1 ; and the diftaaceof S^tumfrum 
r r ft [Ije 
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the Sim is in a raiia but little lef^ than that of tbe Sun's 
fcmidiamcter. And hence the comtnoii centre of gravity of 
tbe Sud aiid Jiipiier is nearly in the fuperJJciei of ihe Suns 
and that of the Sim and Saturn a little within it. — 4.. Hcpce 
the common centre of gravity of all the plajiets canoot be 
more than the length of the folar diameter difluit ftmn 
the centre of the Sun. This common centre of gravi^- 
is alH'ays at rc(l j and tlioiigh the Sun, by the variout 
poGtions of die planets, may lie moved every way; vet iC 
cannot recede far from this common centre. — 5. The axii 
of the Sun is inclined to the ecliptic in nn angle of S7 
degrees 30 minutes nearly. The Sun's apparent (iiamettt 
being fenChly larger in December than in June, tbe Sua 
mufl be prbportionabiy nearer to the Earth in winicr than 
in fummer. In niiiitr, the Earth will be ia the perihelioni 
in fhe fummer, in the aphelion. This is (lemonltraied by 
the Earth's motion bciifg quicker in December than ia 
June, by about a fifteenth part; for the Eartli and evtn 
planet defcribe equal area* in equal times; tiius, wheu it 
moves fwifter, it mufl be nearer the Sun. From this 
find that we have about eight days more in real time ^ocn 
the Sun's ,vernal equinox to the autumnal, than from ihej 
autumnal to the vernal. — 6. The Sun's diameter is equal t 
100 diameters of the Earth; therefore, the body of the S 
is 1, 000,000 limei greater than that of the Earth.-^ — 7. Tbd 
apparent mean diameter of the Sun is 32 minutes iz ie*V 
conds. The Sun's horiionta! parallax is now fixeJ at ngbt'f 
feconds, five twentieths of a feccind, — B, If 36b degrees (tb ' 
whole ecliptic) be divided by the quantity of time in cbe J 
folar yeai% it will give 59 minutes 8 feconds, &c. which ti 1 
the mean quantity of the Sun's diurnal motion. And if 
tliefe 59 minutes S feconds be divided by 3^ the number 
of hours in a day, the quotient is z minutes 2S feconds, 
which is tbe Sun's motion in one hour ; and which^ £vidcd 
by 60, will give his motioa in one minute, &c. By AU 
3 nuAo\ 



meihod, the tables of the Suirs mean motion are coa- 
flrufled. 

Though the pbneis above defcribed perform their periods 
round the Suci, or rather round the centre of gravity, yet 
many of the planets fetn from the Earth will appear to move 
ia a contrary (notion to ilie order of the figns ; particularly 
the inferior planets; and fooietimes they may appear fta- 
liooary, or not to move at all, fur fcveral nights together. 
But thefe appearances are nothing but optical deceptions, 
arifing partly from the motioiii of the planets, and partly 
from ihe motion of ibe Earth on which wc are placed j for 
we always judge a planet to he in that part of the ecliptic 
which if on the oppofiic fide of the planet to us ; thii U 
called its Geocentric Longitude : but the part of the ecliptic 
in which the planet is feen !>y an obferver fuppofed to be 
placed in the Sun, is called the Heliocentric Longitude. 
And the longitude o any planet or ftar !$ an arch of the 
ecliptic, counted from the beginning of Aries to the place 
where the ecliptic is cut by a circle perpendicular to the 
acliptic, and pafEng throtteh the fiat or planet. 
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The fecondary pbnets, or faielUtes, arc certain planets 
which perform a levolulioti round any other planet, as the 
Maon does round the Eanh. They are called iatelUlcs, 
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hecaufp tliey are always found atlcndlng their prinury pla- 
nets, and making the tour about the Sun logellicr with tbem, 
Ttiwe are' but four primary planess that are certainly 
knowu to have faiellites : viz, the Eartli, Jupiicf, Saturn, 
and the Gcorgium Sidus; though fome have imagitieil they 
have dil'covcrcd fatellitcs attending fome of the other planets, 
35 hath been hinicd in the lafl feftion; bur thcfc c 
tions have not heeo fufficieiilly confirmed. 

The Earth U attended by one fatellite, calCcd the J 
and marked d . She performs her revoliuion ruuptl t 
Earth in an elliptic orbit, the mean cccenirinty of wh: 
one eighteenth part nearly of her mean diftsiice fronn i 
Earth, or about 13,000 miles; h,er mean diftancc f 
Earth being 6o| fcmidiamefei'i of the Earth j cr 1 
140,000 n.ite. 

The mean time of one revolution of the Moon about the 
Earth, or from one New Moon 10 another, when (he over- 
lakes the Sun again, is 29 days is hours 4+ minutes 3 fc- 
conds ti thirds. But the mean time in wfiich ihe movts 
once round Ker whole orbit h zy days 7 hours +5 minutes 
8 feconds, which is at the rate of about iiqa miles in an 
" hour. For the Monn has completed oae revolution about 
the Eaith before flic comes i^ia m conjunflion with itic 
Snn J becaufe, *hile the Moon is performing her revolution 
the Earth has advanced about a 13th part of the t 
forward. 

The Moon turns onK rou^d ber qyn axis ena&ly u 
time that flie goes round the Earth. This is the reafnn the 
jamc lide of ihe Moon is always turned to nurds the Earth; 
and day and nighcin't'he'MnAft, taken'ttigelfier, arejuft u 
long as a hinar mcniii. 

The diameter of the Moon is to that of the farlh, at 
to 73 ; therefore it is equal to at 80 miles. Thf fur.^ce. 
m'6f the Moon is to that of tlie Earth' as 3 is to dp, or m 
Ti* to 15J nearly; llicreforK, the 'Earth rcflcfti 13 limes 
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as much light upon the Moon, as (lie lioes upon the Eanh, 
when flic is at her full. The folld content nf the Moon 
ii to that of tht Earth as 3 b to 146: the denfity of the 
Moon's body is to that of the Earth as 5 is to 4; there- 
fore, hti- quantity of matter is to that of the Earth as 1 a 
to 39 nearly. The force of gravity on her furfece is la 
that oti the Earth as 100 is to 293. The axis of the IVIooa 
is almoft perpendicular to the plane of the ecliptic ; fhert- 
ibre, ihe has little or no difference of feafons. The m«ui 
apparent diameter of the EHoon is 31 minutes 16J fcconds. 

The varioiis phafes and appearances of the Moon have 
puzzled all the oRronomers of antiquity. Her wanings and 
increafings, her various pofitions with regard to the Earth, 
and her frequent ecllpfcs, were matters of conftant admira- 
tion. The moon being a dark fpherical body, and (hining 
only with the borrowed light of the Sun, can only have one 
half nf her body illuminated at the fame time, the oppofite 
half remaining in its native darknefs ; therefore, as the 
Moon jjerfonns a revolution round the Earth, (he will 
fometimes turn the whole of her illuminated face towards 
ihe Earth ; at which time (he appears perfeflly round, and 
is a /lH moBJi: at other times only a certain portion of 
her illuminated face will be turned towards tiie Earth j flie 
will then appear cither horned, half round, or gibbou^ 
according tp the quantity of her illuminated part which it 
fecn by us. 

To illuftrate this, letABCDEFGH rcprefent the 
orbit of the Moon, (fip <), piaif 17.) Now, when the 
Moon is at A, in conjunflion with die Sun, her dark Ude 
will be turned towards the Earth, and therefore (he will 
be invifible, as at a, which is then called the New Moon. 
When flic arrives at B, or has run ihrough one eighth part 
of her orbit, one quarter of her illuminated face will be 
turned towards the Earth ; (ht: will then appear horned, as 
at i. When ilie arrives at C, one half of her jlluniinated 
face 
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1 iice is turned [owariis the Earth, as at ■r, when flie is 
rfiid lo be in her qundraiurc. When (he arrive at D» 
1^ which is called her fecond oftant, tliree parts of her Ulu- 
L tninated face will be turned towards the Earth) and flie will 
L 'i^pear gibbous, a? at d. When Ihc arrives at E, ibe whole 
of her illuminated face is turned towards the Eartb, &nd ihe 
' )ppears quite round, as ai t, nlien (he h faid to be a (all 
As (he proceeds Ilirough ilie other half of her •rbit 



, and nearly in ihe fame 
I the former half of her nrbtt. 



< ftc decreafcs again from e 
L'lailo as (he iiicreafed : 

And the Earth has all the fame appearances to an oblcrvei 

I '&i the Moon, ai the Moon has to us, but m a contrary 

1 order: viz. the Earth being at the full to thCTn, when lin 

I "Moon charges to us, and vUe ixrfa; as is evldenl hwax 

'wiew of the figure. 

The motions of the Moon are all very irregular ; the only 
f •qpable motion (he has, is the rotation on her own axis in 
[ the fpacc of a month, being the time in which Die moves 
[ found the Earth ; which is ilie reafun that (he always expofei 
\_ Ac fame face towards the Earth. 

The orbit of the Moon is very changeable, and does not 
'long preferve the fame figure ; for though the orbit of the 
1 clfipfe, having the Earth in one of he* fod 
.thereof; yet the eccentricity is ibmetlmes greater thau ^h 
[ether times. jH 

The plane of the Moon's orhit is inclined lo that of ^H 
' 'ecliptic, in an angle of five degrees. ^^™ 

The face of the Moon has the appearance, when viewed 
f through a telefcope, of being diverfified with hills and val- 
s alfo proved to be the cafe, from the edge or 
r border of the Moon appearing jagged, efpecially about the 
L Bne wliiih feparaies the illiiminaicd part of the Moon frwn 
' 'the dark fide thereof The fpois alfo of the Moon, which 
are taken for moiintains, arc found to cart a triangular 
fiiadow in tht diieftir.n opi>ofite to the Sun; and tlio^« 



e taken for valljes or cavities are always dark 
;xt the Sun, and iilutninated o» tlie oppoHie 
agreeable lo experience. Sometimes tlie tops 
feci) iiiuniinateU by the Sun, while 
)□ the dark fide of tbc Moon ; and by thefe 
good method of taking the height of the 



parts which a 
on that fide i 
fide; which i 
of the I 
their bafes a 
means we have a 
iunitr mouu tains. 

Thus, let E D (Jig. 14) be the Moon's diameter, E C D 
,thc line dividing the dark from the illuminated part of the 
,liIooD ; and A the top of a hill in the dark parr, jufl bc^n- 
ning to be illuminated : with a idcfcope, lake the prrportian 
<^ A E to the diameter E D, then there are given the two 
(ides A E, E C, sf the right-angled triangle A E,C; the 
fijuares of the two fides of the righl-aoglcd triangle bang 
added together give liie fquare of the hypotlienufc A C, 
from the fquare toot of which, fubtrading B C, the radius, 
there remaJos A B, the height of [be mountain. 

From late obfervation^. Dr. Herfchel has difcovered that 
very few of the lunar mountains exceed h*!f a mile in per- 
peodicular height. The fame gentleman has alfo obferved 
ibree volcanoes in the Moon, which he thus defcribea : 
" 1 perceived (April t^h, 10 hours 36 minutes, Cdertal 
time) three volcanoes in different parts of the dark part of 
the New Moon : two of them are either already nearly 
exiin^, or othcrwtfe in a Hate of going to break out ; 
which, perhaps, may be decided next lunation : the third 
iliows an actual eruption of fire, or luminous, matter; its 
light is much brighter than the nucleus of the comtt 
which Mr. Mechaio discovered at Paris the loth of this 
month.*' The following night he difcovered it burn more 
violently i and by meafuriug, he found the (liming or burn- 
ing matter to be m%re than three miles in diameter. The 
aflual fire or eruption of a volcano exaftly refembled a 
finail piece of burning charcoal, when it is covered by a very 
tl4i)coa[ of white aniei; ^nd it had a degree of brightnefs, 
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about u (trotig u that with which a coal woald be tia to 
glow in feint daylight. 

Thcfc are the chief pbenomena obfirvable in tfce MaMi. 
All the other Cicellitcs are of a £milar nature ro thii; titit 
from thnr great difhnce from the Eanli, wc ar* iraa£le tB 
be fo particular in our defcriptinn of (hem. 

Though it be aOcned, that the Moon and the otbtt 
fecoodary planets revolts round the primary planets s dieir 
centres, and (he primary planet) revolve round the Snn fcr 
rfieir centre, ye( it mufl be remembered, that tliH affMon 
11 not the real niMhematical truth. For the primary pb- 
nets do not regard the Sun as their eita^ centre ; but oA 
primary planet, and the Sun, revolve round their conuDon 
centre of gravity: which common centre of gravity it 
that point where the two bodies, or the Sun and ptme^ 
will equiponderate each other. Thus, the cenirt of gtavfty 
in a common balance-beam, or fieclyard, is the pbun it 
fufpenGon. 

To difcover the common centre of gravity of two fa 
h to find that point, whofe djftance from the j^cater b 
■fcfi than its diftance from the jeaft body, in the lam 
(lortion as the gravity of the lefs body i» left than thai of 
the greater; and in two bodies of equal graviries, thdr 
common centre of gravity is equally diftant from their t 
centres. 



-I 



poun it 

imcpflfc^H 

II of 
iidr 

t 



Thus, if B be a body four tiiiie» as great in i 
IS the body I, and botli be fuppored to be cohneAed ^t'^^ 
^faflexible yire B 1, the common centre of gravity of (" 

o bodies will be at the point g, which is four times aa 
PtoB than tol; oras Bg is togi, fo is I toB. 

Therefore, the common centre of gravity of [he £ar^ 
bid Sun is nearer to the centre of the Sun thaa to Au 
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of ihe Eanh, by as great a raiio as the quamity of 
the Sun txceeds tliat in (he Eanh, which centre of gravity 
U in the body of the Sun. The common centre of grai-iiy 
of Jupiter and the Sun H alCo within the body of the Sun, 
thougfi very near its fuperficies. 

The Sun is not aded upon by our Earth only, To as to 
turn round the common centre of gravity of that and the 
Earth, without having regard to the other planets ; but 
there is a common centre of gravity between the Sun and 
each of tlie primary pUnett ; »nd each of ihefe planets has 
its efFc£l in cauliug the Sun to tum round their centre! of 
gravity. 

As the centre of gravity of Jupiter and the Sua is the 
fanhcfl diSaut from the Sun's centre, owing to the great 
Jize of Jupiter, and its difiance from the Sun, and as tliis 
centre is within the body of the Suti, it follows that ihe Sun 
is never removed above one of its own diameters out of its 
place. 

Each of the lecoodary planets, and its primary pknet alfo, 
turn round their eommon centre of gravity. 

The figures i, 2, 3, 4, j, 6, 7, and S, Qiow the true pro- 
portions of the planets Mercury, Venus, Mars, the Earth, 
Jupiter, Saturn, Georgium Sidus, and the Moon. 

Jupiter has four fatelliies; the times of whofe periods 
^nd diiianccs have been noticed in the lail fciftion. Their 
periods were found Irom their conjunfliou with Jupiter, 
afier the Qme manner as the periods of the primary planets 
were difcuvered. Their diflances from the body of Jupiter 
are meafured by a micrometer, and computed in femidia- 
Qieicrs of Jupiter, and then reduced into-miles. 

The fatelliies of Jupiter are of very great ufe in aftfo- 
aomy i for, by an obfervatlon of the eclipfes of thefe laiel- 
lites, we derive three gre:it adv.intagcs: — ift, in deter- 
mining the didaiice of Jupiter from the Earth; 2dly, wc 
. find the progrellive motion of light : for by ihcfe edipfrs, 
it it evident that light does not come to us from Jupiter 
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in an inftant; for if thetnoiion of light were itiflumaeous, - 
it is evident we ftiould fee the commencement of the ectipfn 
of the fatellitcs at the fame moment ihey really tuf^icit, 
whirever diflaiice tliey might be from u^ ; bur, on the c«o- 
trary, if lighr have a progreffive motion, it is evident, the 
farther we are from a plartet, the later we (hould be in feddj 
the beginning of its eclipfe ; and fa it is found to happeti : 
the faielliies of Jupiter appear to be eclipfed later than llie 
true computed time, and always proportionally later, u 
the Earth is removed farther frum the planet. When the 
Earth aad Jupiter are neareft to each other, that is, wbes 
they are both in conjuniftion, -Jti the fame fide of (he Sua, 
then the eclipfts of Jupiter's fatellitcs are fceti to happea 
fooBcr than when the Sun b dircftly between Jupi^r atui 
theEanh; in which laft cafe, the diftance of Jupiter from 
the Earth is greater than it is in the former cafe, bribe 
whole diameter of the Earth's annual orbit, or by double the 
Earth's diftance from the Sun : in this laft cafe, we cannot 
obferve an'eclipfo of Jupiter's fatellitcs, till near a quarter 
of an hour after the time we couM hare difcovercd it in the 
former cafe, that is, when Jupiter was at lits leali diAance 
■frotn. the Earth. Prom hence it follows, that the light is 
uear a quarter of an hour in palling through a fpace «]i«I 
'to tfit diameter Of the Earth's orbit, or near eight rainui 
in paflirig from the Sun to the Earth ; which a at ifae 
■'of abourtwelve million of miles in a minute. 

But the third and greateft advantage derived from the 
'fervatJon of thtfr tclipfcs, is the difcoveri' of the longttode of 
.'different pUceson iheEartli : fur having the difference of rime 
between two obfefvaiions of the fame cdipfe, tiken in two 
'different places, we have the di/ference of longitude between 
'the two places. For example, fuppofe there be two obferven 
of an 'cclipfe.'the one at London, the other at Bsrbadoff, 
'the eclipfc will appear at the fame moment of letUrimfto 
■ each f«rfoti ; bi;i being under different meridians, the boor 
jf.the'dayw'ill be different at each placej thiM, if it be » 
o'cio«i 






o'clock at noon at London, it will be 8 o'clock in ihe tnom- 
tng 31 Barbados, by which the oblrrvers find the diffiireneii < 
of longitude between the two places to be iixty <legreea,^ 
four hours in lime. 

The planet Saturn has feven fateilite?, ihe iinlli i 
fevenlh of which were diicovered bj- Dr. Hcrfchel, in the 
years 1787 and 17S8. Their periods, iliihnces, Sic. have 
been defcribed in the lall fe>fltoii. 

The Georgian planet, or Hsrfchel, is atlo found to have 
fix fatelliies revolving round him, like thofe of Jupiieraiid 
Saturn. Thefe fateilites were difcovered by Dr. Herfchel, 
for which fee the laft feition. 

Thefe are the only primary planets tvkiich we are certui 
are attended by faiElJltes. Some afirononierB have imagined 
they difcovc red afaicliite belonging to Venus; but the many 
repeated obfervations which have been made bv others to 
^bferve it, and witliout eSeSt, leave us room 10 I'dfped ihey 
yete deceived. 
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QP TME FIXED STARS. 



The fixed ftars, generally denoniinaied flan by way nf 
.eminence, are thofe heavenly bodies, which ufualiy iteep tlte 
. fame diftance with regard to each other. All the heavenly 
:bodic), except the pritnary and fecnud.iry planet;, aiul 
• cometi, &Te of Ibis clafs. 

The, 




Tbe diQuius of the &xed lUn arc fo grcni, ihii are Ian 
■oAlMMre in ibt pUnctary fyfinii with which trcan com- 
fUC them ; fer the diameter of itie Eaith's orbit, «hkh ii 
nearly igc,soo,ooo miles, bean no feoiiblc proponioo !• 
the diftaiice uf the neateQ (i\ei (far from the E^rrfa. 

Tbe difivKcs of the &ied ibn bive bren the (iibjed d 
iaTcfiigitioa to IcTeral aftroiiomcn. Various pirlhotfa fatrc 
been deviled tar the {nirj>ore of dilcoveriog tbe diftuKS *i 
Attt beaTeiil* bodies but wiibout fuccef% on 
tfceir kIcDofi inSnilc di&Ance ; the mod accurate 
flolj gave Bt a dtitaDt approximation ; bin by the bcfi ob- 
fcrralioiu, however, «e can lafcly coiiclude ihac tbe Dcud 
Eied far b upwards of forty ihoufaod diametcn of the 
Eanfa's orbit difbuii from us. or eighty thou&od timet bt- 
tbcr dtftam ftrnt oi ihaa the Sua is. 

Tke maguitodcs of the fixed fian appear very iJiSetBit w 
itiffncQt Aan, owing, in fone fort, to their real rDagaludes 
which are different, but principally owing to their diSeftni 
difUnces liroro us. 

The flars are gCDcrally divided, according lo their apfa- 
rent magnituiies, into fix, and by fame into eight cUSb. 
The Brfl dafs called Ibra of the &-ft magoitude, arv tbo<e 
that appear Jargeft: ftars of the fecond magaittidc appear 
fome^hat lefs; and thu& every following clafs comprrbendi 
thofe &in next in fize to the former cbfs : the flan of tbe 
fixth niagnitude containing the rmalldl Itan vifible to ifae 
naked eye. All other; that canaot be perceived, but by dtt 
help of telefcopes, are called telcfcopic ftdr;. It is not t» be 
inferred from hence ih^it Nature has divided tbe Ran itM 
thole clafTcs; for there are almofl as tnanv cbflcsas there an 
flar^i (b great is their variety of magnitude atid brigbtnefi! 

The number of ftan is alfo very great, and appears n 
« almoft infinite; but aDronnmers have deduced sU [fax J 
le to the naked eye into catalogues. Mr. Fbm&ead | 
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peat number thatarc only viBble throiigli a Idcfcope. Th» 
number of ftars that are vifiblc at one time, in tSe dearelt 
faeavefl, feldom exceeds i ooo ; their iij^Karing fi> much mon 
numerous arifes from their twinkling, and from viewing 
tbem confufedly, without reducing them into any order. 
But a good leleCcope will, neverttielefs, bring gre^t numben 
■0 our vietr ; and the more ihe magnifying power of ibe 
lefefcope is increafed, the greater will be the number rf 
flars difcovered ; till t[<e number becomes fo great at Co baffle 
our computation. 

• From the great diftance of the flars, we are al a lofs to 
difcovcr many of their properties ; but from their pheno- 
mena ire can with certainty deduce the following theoremt 
conceniiVig them :— i. That they are much greater than oar 
Earth; ftir, if that were not the cafe, they could notbeviGble 
at fiich a diltance — ». They are farther diflant than the moil 
iJifTant of the planets ; for we often fiud them hidden behind 
the bodj- of the planets. — And, j. They fhine with their own 
natural light; for (hough they be much farther from the 
Sun than Saturn is, and appear much fmajler to us, yet they 
Jhine much brighter than that planet. And it is known, 
that the more the telcfcope magnifies, the lefs i» the angle 
tinder which tlie ftar is feen; becanfe the telefcope deftroye 
all (he adventitious rays. Thus a telefcope magnifying aoo 
times wiH fhow a (hir Icfs in magnitude than it appean to 
the naked eye, infomuch, that it will appear to be only «n 
indivilible point. 

Ftom hence we conclude, that the fined flan are fo matif 
Suns ; and that, in all probafailm-, they arc not much fmalln 
than our Sun, but perhaps larger. 

Therefore, it is generally believed that every ftar is the 
centre of a fyden), and has planets revohing round it in 
ttic fame manner as the Earth and the other primary planets 
revolve round the Sun ; for our Sun, together with the orbits 
■rf all the planeii, wouid be almoft inviliblc from the nearell 
fxed (iar. 
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Tk brwr af ifefe MdoM 
B feoa Ifae Earl's aoiiaaiaBHdiaais; faywlMk^K 
t lo br cmU nMad Ac Eanh, &a^ ^Tm 
^ in dte iface of X4 ban. The bacr i* tfacaDCiw 
k tfaey appar n» g» iitckwje^ from acfi » oA 
c poie of the ediptic wkb a very flow anas 
[ oair aae degicc ef a dick m die I^hcx rf jt{ 
Tfas ^ipaRM KKrCJoa it cviiig to the (wmfca 
KopiBOaBi oc,in atfau words, the »w of ifaeConis 
J l» ili JmK pafti oJ the faanas every yoc^ defcn- 
a dnfa^ ooc dipa: of «hkl> ii defcnbes ia 71^ 7™^ 
I in HR^iairy rinf or laoc ia tfae faoMi^ 
e ^cc of wiiicb an ibe pno-jn piaoets rcrofve ia ntz 
ift brtadth h made di&tm bj diifcrrac «Iliuiii 
XK b ^wn dgte to un licgrceE oq each fiife ik 
i and bdividni inio twdie pan, called ifae T««lt« 
It the Zodiac, utd cacit 6ga i* fubdivided into ja 
; tbe dcgicA uc cacb i^n dindol ibCo miaoiB, 
kc. But as tbe Qm have a mouoa fnx&wcfitD 
e confietUtiont, or figns of ihe Zodiac, (k> ost 
w corrrfpond 10 ibdr proper Ggns ; for tbc rcn»l "jiiw 
V happened vtben ibe Sun was in lix. fitfi degree af 
, aod toe E^rth in tbe oppofitc ik^c of the Zo£aCi 
c of Libp ; whereas now, the Sun has adwvxtd 
t ^, whole ligD iVam that point a: (be vema! njuinox. 

The twelve fi^os of tbc Zodiac jre diihn^iQicd bj liK 
||JnIbH'ing names and chara&en, viz. T .4''ts, a Tavm, 
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according to ihe linglini iiantes, the Kam, the Bull, ' 
Twins, the Criib, (he Lion, itie Virgin, the Bataiice, ttw-l 
Scorpion, ihe Archtr, the GtM, tht Water-bearer, and tht '| 
FiOies. 

Belides thefe conflellations in the Zodiac, the (tare h 
every other part of the heavens are mluced into conftelltfk 
lions of fome cerlain figures, to which ii is fufipofed t&dt 
{el of (brs bears fome refemblance. Tn the northern he- 
niifphcreareii conlldhiioiis, of which the following are tht 
names; — (he Little Bear, Great Bear, the Dragon, Cef-Ji 
Bootes, the Nonhern Crown, Hercules, the Harp, llicSwao, 
Caffiopeia, Perfeus, Auriga, Serpentary, the Serpent, ^\ 
Arrow, the Eagle, the Dol}>hin, the Horfe, Pegafu'^, And] 
meda, and the Triangle. In the foulliern hemifphere ait' 
15 confteilaiions, vjz, the Whale, Orion, the Eridaiiiis, ihift-" 
Hare, the Great Dog, the Little Dog, (he Ship, the Bydr^t, 
Ihe Cup, the Raven, the Centaur, the Wolf, the Altar, the 
So m hem Crown, and iheSoiiihern fifli. 

This divifion was introJuced by Ptolemy, and to ihcfe 
Bayer added 12 more, about the fouihern pole, viz. thi 
Peacock, ihc Tucan, the Crane, the Phirnix, the Dorado, 
the Flying Fifli, the Hydra, the Chametion, liie Bee, ll* 
Bird of Paradifr, the Triangle, and the Indian. 

To Ihcfe, Mr- Rover hai added 1 1 other confleltationi, 
vii. the Giraffe, the River Jordan, the River Tigrij, the 
Sceptre, and ibcFlower-de-Loce, being on the north. Thp 
following fix are on the fnnth part, viz, the Dove, thfji 

orn, theCrofi, the Great Cloud, the LJulcClqud, 
the Rhomboid. 

Hevclius alfo added the foltowiag new conflcllatian^ 

I compofed of fome unformed ftars, viz. (he Unicorn, ihf 
Camciopardalia, the Sextant of Urania, rheDogi, the Littif 

[Lion, the Lynx, the Fox and Goofe, SobielVi's Crown, th? 

I Lizard, ilie Little Triangle, and the Cwbenn, to whicfc 

I Gregory has added the Ring and the Armilla. 
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It muil, however, be remarked, ihat fome of thefe con- 
ftellations introduced by Hevclius anfwer to foaie of ihofe 
of Royer; as the Camel opard alls to the Giraffe, (he Dngi 
10 the River Jordan, and the Fox to the River Tigris. TI* 
I fcregoing is ihe number nf the cotiftellaiiiins aS thf.y (tnd 
L at prefent ; but an attempt has lately been made by Dr. Hill, 
to introduce fourteen new ones ; they arc, however, not y« 
•dopted by mathematicians. 

Belides the Itars in the foregoing conftellations, tbere irc 
a great number of Han not included in any confteiluioD, 
■- end therefore called unformed Aars. 

The Galaxy, or Milky Way, is that long, wbite, lumi- 
nous trail which feems to encompafs the heavens, and b 
cafily feen in a clear night, when the Moon is not up. Ii 
IB of a confiderable breadth, and in fome partsdoitble. In 
luminous appearance is owing lo the great number of fma]I 
Ibrs with which it is every where befpangled, and which bt 
7 good lelefcopc may be plainly difcovered. 
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A comet is a wandering body, appearing fuddenly, and a 
fuddealy difappearing i and moves In its own proper orbit, 
like a planet. 

It is ufuaily furnifhed with a long trau of light, ( 
its tail, which is always oppofiie to the Sun. Comets Jj 
divided into three kinds; vii. kariied, taWeii^ and i 
comets: which divifion arifes from the differeni fiiuattoD 
of the comet. Thus, when the comet is eaftward of th^ 
Sun, and moves from him, it is faid lo be a bearded coi 
becanfe the light precedes it in the manner of a beard ; 
the comet is weftward of the Sun, and fets after him, I 
faid to be a tailed comet, bccaufe the train of light folh 
it in the manner of a tail ; and when ihf Sun and comet are 
In oppofition to each other, the Earth being between ^bem. 
3 
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n of [he cumet a hid behind its body ; except itie 
extremiries of the train, which being broader than the bodjr 
of tiie comet, appear, as it were, round the edges of it like 
a border of hair, from which it is called a hairy comet. 

The comets make a part of the folar fyliem, and move in 
elliptical orbits, iKiving the Suti in one of their foci, and 
defcribe areas proportional to the limes of their motions, 
like the planets. The reafon why they fomelimes appear 
vifibie, and fomeriraes not, is the great eccentricity of their 
orbits, which is very conlidcrable, for when they areiti that 
part of the orbit moft remote fiiim the Sun, they arc much 
beyond the orbicof Jupiter; and in iheir perihelion they 
ffiequently defcend within the orbit of Mars, and fometimes 
wilhiu thofe of the inferior planets. 



SECT. IV. 



Ot ECLIPSES. 



An eclipfe is the privation of the light of one of the Wg 
minaries by the inierpoliiton of fome opake- body, dthcC 
between [be luminary and the eye, or between It and i!^ 
Sun. 

The duraiioM of an cclipfe is the time of i(8 continuance. 

The immtijioti, Or incidence of an eclipfe, h the momea 

when the cclipfe begins ; or when part of the luminary fi 

- begins to be obfcured. 

Tbe emerfim^ or exputgation of an eclipfe, is the limf 
H H 2 when 



wl>n) Uie ec.ip&j luminaty begins Co reappear, or f imigi 
•ur of (lie fliiidow. 

The qHanuiy of an eclipfc, is j}ie part of the InniMaty 
ec'ipfcd. To deieroiii'C :his quantity, the diantner oCttK 
<clif>rc(j body is divided into ii equal pans, calied d^iti; 
aixi [be ecltple is l^id lo be of fo many digits as are coataineA 
iu that part of the dianicrier which iscdipfcd. 

EclipfcL are either thole of the Sun, ibe Kloon, or of focnc 
of ti)c latelliiet, aiid are either lelal, /tariial, . 

A t»>al eclipff, is when the whole body of tbe iuimnary 
it darkened. 

Afariinl ecUp(ci is when only a part of ibe ii 
is eclipfed. 

A rfMrn/ edipfe, is when [he centres of the two lui 
rics anil the Earth come in a flrjight line, aud is rIw^' 
total. 

An onnt/arechpfe, is when the whole body. is cclipfed, 
except a ring or ainiulus, which appears rouad the bonkt 
or edge. 

-■ Aneclipfeof the Moon, is a privation of the light of 
the Muon, and occafioncil by the body of the Earth being 
dirfitly between the Sun and tlie Mnon, awd fo iaterccpting 
the Snn's rays, that they eaniiot arrive at the Moon ; conft* 
ciueri'ly the Moon pa[res through a part of the conical thadow 
of the Earth, as fcen injfj . 1 2, filaii \ jf where DEC tvptf 
feijib the Earth, and D G f C the conical aiadow thereof, 
which is the Moon in an eclipfe. The doited fpRces O G 
and FCr, fliow thofe parts of the flwdow called the 
Bumiia, ill tt'hich the Moon is deprived only of part of 
Sun's light. 

All eclipfe of the Sun, is an obfcuration of the Sun's body, 
ACcafioiied by the Moon's coming between the Eanb aw) 
the Sun, and thus intercepting the light of the Sua from ill| 
on which account fome have coDlidered it an eclipfe of die 
Earth, 
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The folar eclipfe is reprefrnced fig. 1 1, where « repre- 
fenh the Moon, C D (he Earth, and r m j o the Moon's conical 
ftiadow, (ravelling over that part of the Earlh C s D, and 
catifing a corrpkie ectipfe of the Sun to ail the inhabitants 
who refide in the iraft C D. The fpaces C »■ o and D j • 
include the penumbra, and all the inliabitants within thofc 
fpaces will perceive a faint fharfow of the eclipfe. 

Hence, an eclipfe of the Moon can happen only at the 
lime of the full Moon, or when fhe ii oppofite to the Sun ; 
and an eclipfe of the Sun will take place only at the rime of 
a new Moon, or when the Mood is between the Sun and 
Earth. 

From hence fome may imagine that there may be two 
cciipfes, viz, one of the Son and another of the Moon, 
in every lunation, which would really be the cafe, if the 
Moon moved in the fame plane with the ecliptic ; but the 
orbit of the Moon not being in (he plane of the ecliptic, 
but inclined thereto in an angle of ^ degrees 35 minute), 
and paffing through the plane of the ecliptic, it mufl necef- 
farily follow, that an eclipfe can only take place when the 
Moon is near ihai part of lis orbit which pafles through the 
place of the ediptic, Thefe two oppofite points where 
the Moon's orbit initrcepts the ecliptic, are called its Nodes. 

That point where the Moon afcends from the Couth to the 
north fide of the ecliptic, is called the afecnding node, or 
dragon's head, an4 marked q ; and the oppofite point, 
where (he Moon defcends fi^m the north to the fouth lide 
of (he ecliptic, is called the dejcending tailt, or dragon's tail, 
and marked 9; and a line drawn from one node lo the 
otheri \% called the line of the nodes. Thus, if \fig, 13) 
aitdhc the orbit of the Moon, and eg the ecliptic, the 
points «,f, where the orbit cuts the ecliptic, are the two 
nodes, and the dotted line a c the line of the nodes. From 
a view of the figure, it is plain, when the full or new 
Mooa happens when the Mood is at [he point:; i or d, (here 
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can be no ediple, ihe (liadow ot the Moqn or Earlb falling 
tiiher alinve or below the oiher Uiminary ; but when th? 
full or new Moon is nt tlie point; a or c, or within 17 de- 
gtces of thefc points, there will be an eclipfc of ooe of .the 
lumiuarifs. 

Jn uiili;r Co calcuhte «n cclipfe, it is necefliu-y tQ Iukkt 
how 1(1 take the parallax of the Sun, or aiiy bearcnly bwly^ 
u alfo 10 lake ihe parallaL'lic angle. 

The panillaAic angle, called aU'o the parallax, is the ai 
B S T t^^. I, plate 18), made at Ilie ceotrc of a flir, 
other bt^dies, by two lines, one drawn from the cenire 
the Earth T, and the other from its fiirface E ; or, wbich 
tde fame ilung, it is the differeni^e of the two angles C E A 
wd B T A. 

Parallax is an arch of the heavens interccpied between the 
true and apparent place of any flar, or heavenly body. 

The true place of a flar, S, ii that point of the heavfijs, 
B, where it would be I'tcii by an obferver placed in the 
centre of the Earrh T ; and the apparent place of the fatrx 
flar i» the jioint C Ju the heavens, where it would appear 
10 an obrerver on the fnrface of the Earth, at E. Thi» 
diRerence nf tht two places of the fame fiar is the parallaa 
Ibmetimei called, fordiftitiftioii fake, the parallan oF altitude; 
and is an angle formed by twu viftial rays, the ane drawo 
from the centre, and the other from the circumference, of 
the Eanh, and traverfing the body nf the fiar ; the meafure 
ei it being an arch of a great circle, intercepted between the 
[)oinl^ of the true and apparent places, B and C. 

The p3i<illax B C is alfu the ditference between the true 
dillance of the flar from the zenith A, and the apparent 
didance A C. Hence the parallax diniinill.es tbe altitude of 
% liar, or increafea itK diflance from the zenith. 

The parallax is ^rcaiell in the horiioii, which is ibereforv 
•ailed (he horizontal parallax, a; E F T. From tlte horizoa 
the parallax decrca^:: all [lie way to the zenith A, wbers tiw 
ttuc uid apparent pbcts of t!ic ttsr coiiiode. 
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The parallax 9/ llu annual erbit ef ike Earth, is the angle 
under which the femidiameier of tbe Earth's orbit is freii. 

To find the parallnx of a cekflial body, obrerve when llic 
body is in the fame vertical line with a fixed Rar which is 
near it; and while itisinihat pofitioii, meafure iis appareiK 
diliance from ihe fiar ; then obftrve when the fhr aiid bodj- 
sre at equal altitudes from the horiztin, and there me^rnre 
iheir diiiances again, 2iid the difference of ihefc diflanca 
n-ill be the parallax. 



The JJlronomtj of Eclipjhs. 

f To calculate a lunar eclipfc it is ncccfTary, firft.Jto find iho 
length of the Earth's conical ftiadow, which may he founJ 
by finding the diftance between tlie Rarth and Sun, and ihe 
proportion of their diameters. Thus, fiippufe the fciiu- 
axis of the Earth's orbit to be 9^,000,000 miles, and the 
eccentricity of the otblt 1,377,000, which, added together, 
make 96,377,000 miles, or 24,194 fcmi diameters of the 
Earth; and the Sun's femidiameier being to that of the 
Eanhas iiato i; then, as AD is to BE, fo is D B to EC 
(^. a), that i^ as in is to i. To is 24, 194 to z 18 femldin* 
meters of the Earth, equal to E C, the length of the Eonk's 
^adow. 

To find the apparent fcniiiiismeter of the Eatih's fliadow, 
in the place where the Moon pafTe^ through it, add together 
the parallaxes of the Suli and Moon, and from the fiim 
Jubtraift the apparent fernidiamctcr of tiie Sun, and the re. 
mainder will be the apparent femidbmeler uf the fhaduw at 
the place where liie Moon pafles through it. 

Nift. The Sun's panibn may very well be omitted in 
ihis calculation ; and the acparenl fcmidiamcter of the 
fliadow incrcnfed by adding one ivlicle miiiiite. 

It is nlfi) neceflary to havethe true diftances of the Moon 

from the node at liie mean oppofition; alfq the tnic time of 

tlif pppofitiou, with the true pUcc of tlie Sun and Moon 

reduced 



MO 



0F AsrSOKOMI*. 






tcduced to the ecliptic, and the Moon's true latitude at th* 

time ufthe trueoppofitioni Ukcwife thcqngH of the Moon's 

•ay with the eclipiic, and the true horary motiooi of the 

rjBon and Mcfon; from which every pellicular concemtog 

ilMie ecUpfe may be computed by comnion ariltunnic zod 

Llrigonomeiry. 

The method of conftrufting an cdipfe of the Moeo » ta 
Uttihwii — L«EW (/!g. 3) reprefeiit a part of the ecliptic, 
r C Ihc centre of the tranfverfe feflion of the Earth's fhadow. 
Draw the line C N perpendicular to the ecliptic, and 
towards the north, if the Moon have north latitude; but if 
die have fouth latitude, draw a line C 5. Make the ao^ 
NCD equal to ; degrees 3; minutes, *hich is ^ibc 
the Moon's orbit makes with the ecliptic. BileA 
angle by the right line C K, and in thii line the true eqi 
e of oppolition between the Sun and Moon ^lls by the 
Ibles. 

Take the Moon's latitude at the true time 0/ full Moon 
from a fcale of equal parts, which is fuppofed to reprefeni 
minutes of a degree, and fet this diftance from C to G on 
the line C F. Through the point G draw a line H I at 
;ht angles to C D, which line reprefents a portion of the 
iOn's orbit. Then L it Aie point where the Moon's cnttrt 
It the middle of the eclipfe ; G the place of htr centre at 
the tabular time of her being fuUj and K tlie point of her 
centre at the inHant of her ecliptic oppofilion; I i» the 
Moon's centre at the mometil of her immcrfion, and H her 
centre at the end of the eclipfe, or emerfion. 

From the fame fcale uke tlie Moon's femidiamcter, ami 
licfcribe ihrte circles on the points I G H, which reprrieot 
jhe Moon in the beginning, middle, and end of the eclipfe. 

Then, to fiiiil ihe length of time or the duration of tbt 
eclipfe, mcafDre the hne 1 H on the lame fk:ate, and fajr, at 
llie Moan's horary motion fro.Tt the Sun is to HI, fo k aoe 
iiuur, or 60 minutes, to the whole duration of the ccHpfe. 
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From the ahovc figure ihe eciipfes may be computed. 
For, firft, in the right-angled triangle C G L, right-angled 
at L, there is given the hypotheaufe C G, which is the 
Moon's latitude at the time of the full Moon ! alfo we have 
the angle G C L equal to the half of 5 degrees 35 mlnutet, 
wherefore the legs C L and G L may be found. Secondly, 
in the right-angled triangle C L H, or C L I, are given the 
legs C L, and C H or C I, which latter is the Aim of the 
femidiaaieter of the Moon and the Earth's fhadow ; there- 
fore L H or L I may be found, wliich is equal to half the 
^^rence of the motions of the Sun and Moon during the 
eclipfe. Thirdly, as the difference of the liorary motions of 
the luminaries is to one hour, or fixiy minutes, fo is H L to 
the feniiduratio[) of the eclipfe ; and fo is G L to the differ- 
ence between the oppofition and middle of the eclipfe. Thin 
laft, therefore, taken from tlic time of full Moon, gives the 
lime of the middle of the eclipfe ; from which, fubtraiftiog the 
lime in L I, before found, gives the be^nning of the eclipfe j 
and, added to the fame, giveb the end of the eclipfe. 

Laftly, from C O, the femidiameter of the Earth's fhadow, 
fubtraifl C L, and llie remainder L O, added to L P, gives 
O P, the quantity eclipfed. 

A folar eclipfe, or aii eclipfe of the Sun, would be difco- 
vered in the liune manner as a lunar eclipfe, if the Moon 
had no feufible parallax ; but as the Moon has a parallaXf 
tlie method is fomewhat different. 

I. Add the apparent femidiameiers of both Sun and Moon 
together, both in the apheUon and perihelion, which gives 
jj minutes 6 feconds for the grcaieft fiim, and 30 minutes 
31 feconds for the lealt fum. 

3. As the parallax diminillies the northern latitude and 
increafes the fouthern, let the greatcft parallax in the latitude 
be added to the former fums, and alfo fubtraAed from them ; 
thus may be had, iii each cafe, the true latitude, beyond 
which there can be no eclipfe. Having this blltude, the 

vol.. lit 1 1 Moon" 
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Moon's diftsnce from the nodes h found ii 
as for the lunar eclipfc. 

To find the digits eclipfed, add tlic apparent fcmidia- 
meteri of the luminaries together, from which fubtrafi the 
Moon's apparent btitudc ; the remainder is the part of the 
diameter eclipfed. Then fay, as the femidiaiti«er of i!ie 
Sua is to the fcniples eclipfed, fo arc fix digits reduced into 
fcniples (that is, 360 fcruples or minutes) to the 1 
eclipfed. ' 

To determine the duration of a folar ecltpfc, find the 

' liorary motion of the Moon from the Sun for an hour btfo* 

, theconjunflion, and for one hour after it. Then iay, ai 

s 4hc former horary motion is to the feconds in an hour, fo tre 

\ the fcruples of half the duration to tlie time of immerfion; 

)Uid as the latter horary motion is lu the fame number of 

fcconds, fo are the fcruples of half the duration, to the ti 

of emerfion. Then adding the times of inimerlion and e 

fion together, the fum is the whole duration. 

To find the beginning, middle, and end of a folar eclipfe, 
find the arch G L from the Moon's latitude, for the time of 
conjunflion. Then fay, as the horary motion of the Moon 
from the Stm before the conjunftion is to one hour, fo is 
the (lidance of the greateft darknefs to the iuterval of time 
■between ihegreateftdarknefs and the conjunction. SubtraA 
this interval in the iirft and third quarter of (he anomaly 
from the time of the conjunction, but in the other quanm 
add it 10 the fame, and the refult is the time of the greaielt 
darknefs. LaHly, from the time of the greatefl darknds, 
fubtraCt the time of incidence, to which is to be added the 
time of emerfion ; the difference in the firft cafe will be d 
beginning, and the fum in (lie latter cafe will be the e 
the eclipfe. 

To calculate eclipfes of the Sun, it is neceflary, firft^ 1 
find the mean new IMoon, and from thence the true ooe, 
with the place of the luminaries for ibe sp^iarent time of 
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the true new Moon. — 2. For the apparent time of the true 
new Moon, cmrpute ihe apparent time of the new Moon 
obfcrved. — 3. For the apparent time of the new Moon feen, 
compute the latiiadc feen. — 4. Thence determine the number 
of digits eclipfetl. — 5. Find the times of the greatcft darknefs, 
cmerfioii, and immerfion, — 6. And from thence determine 
the beginning and ending of the eclipfe. 

From this it is evident that the trouble in tlie calculation 
of cclipfesarifcsfrom the parallaxes of longitude and latitude, 
without which the calculation of folar ecllpfes would be the 
famras that of lunar one-:. 



Tims U b mode of duration marked by certain periods, 
meafuKi, and motions; and (he chief method we have 
of meafuring time is by the revolution of the two lumi- 
naries, the Sun and Moon, but particularly that of the 
Sun. 

Mr. Loclte obferves, that the idea we have of lime is 
acquired by conlidering any part of infinite duratton, z» fet 
out by periodical meafurcs. The idea of any particular 
time, or length of time, as a day, an hour, &c. is acquired 
Jiy ubferving certain appearances of fome bodies, moving 
lis. w^th 



with a regular motion, acu) at regular and feemiag cqui- 
diflaat periods. Now, by bejng able to rtpcai ihefe lengths 
or mcafurea of time as often as we pleale, wc can iniaginc 
duration whcrr nothing realiy endures or exids, and thus we 
imagine to-morrow, or next year, &c. 

Time is alfo the duration of a thing which has boifi 4 
beginning and an end, and in this fenfc it is diningulllied 
from etrniity. 

Thus, lime is the duration of fonie modon ; for without 
ibme regular and uniform motion we fliould have 00 me- 
thods to compute lime, or diftinguifli it from etprnity. 

Time may be divided into ahfoluu and relative. 

Abfolute time is time confidercd in itfcif, and without any 

Relative or apparent time is the feoCbie mcafure of any 
duration, by means of motioti, as, by the motions of AM 
luminaries, llie hatid> of a clock, watch, &c. M 

Relative time is fubdividcd into afiiimimical g.nA ehal. ^k 
Allronomical time 15 that whicii is meafurcd by the mo- 
tions of the heavenly bodies. 

Civil time is formed for civil purpofes, and dillingiiifbcd 
into years, months, days, hour?, &:c. 

The year, in the full extent of the word, is 4 {yAcm of 

feveral months, or a fpace of time mcafured by the revo* 

lution of fome celeftial body in its orbit. Thus, the 

in which the lixed Aars make one revolution is called 

great year; and the times in which Jupiter, Saturn, 

complete their rcvolutitiiis, and return to the fame point 

again, are refpedively called the years of Jupiicr, Saturn, &c. 

a year originally denoted a revolution, and h not limited 

lal of the Sun ; therefore we find fome ancient nation: 

L at different times called the revolutions of the Moon, or tbe 

L^ce of a month, a year; wliich occafiom fuch ftraagc 

I Recounts in the chronology of fome very ancient nations, as 

I In thofc of the Egyptians, Babybuiaus, ic. 
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The folar year, called alfo year by way of eminence, u 
that fpacc of time in which the Sun moves through the 
twelve figns of the Zodiac. This yeu-, by the bcA obfer- 
vations, ii found to contain 36; days g hours 48 minutes 
4S fecoads; but the quantity, accoiding to the authors of 
the Gregorian calendar, is 365 days j hours 49 mi' 
nutes. In the dvil account, this year is faid to contaia 
only J65 days; and one day is added to every foarth year, 
to njake up for the odd hours, which is therefore called 
leap-year. 

The Julian year, fo named from Julius Cxfar, who efla- 
bliChed it, conlifts of 36J days 6 hour», which exceeds tiie 
true folar year by upwards of it rainutes, which excef^ 
amounts to a whole day in aear 131 years. And one day is 
added to the cud of February every fourth year, which is 
compofed of the odd fix hours every year. This year, is, 
therefore, called BifTextile, or leap year. 

The Gregorian year, introduced by Pope Gregory XIII. 
in .i;Si, is the Julian year corrected by this rule, viz. That 
inflead of every hundrcdtii year being a leap year, as ic would 
be in the Julian calendar, in ihb way, onljronc hundredth 
year out of four is a leap year, the otlier three being common 
years. By this omilEon of three days in every 400 years, the 
dvil year would nearly keep pace with the foUryear for rime 
to conu- 

Yet this year u not quite perfe£l, for, as in four ceniurict 
the Julian year gairis 3 days x hours 40 minutes, and as 
there arc only three days omitted in the Gregorian account, 
there is flilt an cxcefs of 3. hours 40 minutes in. 400 ycani 
which amounts to a whole day in 3600 year:. 

In the year 1752 this flylc was adopted in England, and 
the eleven days were thrown out after the 2d of September, 
by accounting the 3d the 14th of that month. This wa;^ 
called the New Style, in difiinfUDn from the fgrmcr, wbieh 
was called the Old, 

The 
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The War year U tither aftronomica! or cirit. The aftro- 
namical folar yor is th« which is determined predfdy by 
aftfonomical obftrvatlons, and is of two kinds, viz, nopttaly 
and JlJeial or ajhal. 

The rropical or nattiral year is the lime the Sun takes A 
ptfi through the twelve ligtts of the 2^diac, and it UtAmfjf 
p r a pn naiui^l folar year, becaufe the feafoas alirays fall iaH 
the fame? months.— 'The Cderal or aftral year is the fpace of ^ 
titne (he Suii takes in palling from any fixed Aar till h^ J 
return to the fame again, and is 20 minutes 29 fecoDcllfa 
longer thin the true folar year. 

The lunar year is the fpace of twelre lunar months, a 
is either aflronotiiioil or citil. 

The' lunar aftronotnieal year confifls of twchre I 
f^'nildical months; and ij, therefbrej J54 dsys B hours i 
Bftintrtes j9 feconds, being itt days st hours to fee 
fliorter than the folar year. 

The lunar civil year is either COirrtnon or embolifhrtc. The J 
COtnmon lunar yesr coiififts of tvitelve lunar civil monthl 
ifid asntajns 354 days. The embolifmic lunor ytafcbtiGi 
of thrrtctn hirtar civil months, and contains 384 days. 

The civil or legal year, in England, formerly began ad, I 
the ajth of MarcH, or the day of the Annunciation ofl 
tht Virgin Mary : but the hifterical year began on the 1 •• ~ 
of January. The part of the year between thefe tw<r tenia 
mw nfually expreffed ihiis, i^jj-fi, or 173^. Bat acdcfrd- 
irtg to the new ffylc, the civii year now be^ns on th^ iQ a# 
/arniary. 

The ancient Roman year, as firft fettled by tlw 'Rot 
contained only ten month?, and in all 304 days. 

The Egyptian year, called alfo the year of N^bbn^Kr* 
from the eprtch of that name, contains only 365 days, d!- 
rided into twelve months of 30 days each, with five iiner<i 
calary days added at thf end. Thus the Egyptian year tofttf 
a whole day of the Julian year every four yean, and aftirf 
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the Ipacc of 1460 years it begins with the j"'"^" V^'^t 
which length of time h called the Soihic Period, 

The ancient Greek year confifted of twelve months, 
which at &r& were divided inio 30 days each, but afterwards 
each month contained 29 and 30 days alternately ; and this 
yeai^cas computed from the firft appearance of the new 
Moon, with the addillun of an embolifmic month of 30 day« 
every 3d, 5th, 8th, nth, 14th, 16th, and iglh year, in order 
to keep the new and full Moons lo the fame feafons of tbe 
year. 

The andent Jewifti yearconfiSed of twelve tnonihs, con- 
taining z^ and 30 days alternately. To which were added 
eleven or twelve days to make it agree with the folar year. 

The Syrian year was the fame in quantity as the Julian 
year, but commenced in the beginning of OiSober, according 
to the Julian year. 

The Pcrfian year contained twelve months, of jo dtyi 
each, with five intercalary days added. 

The Arabic, Mahometan, or Turkifli year, called alfo the 
yearof the Hegira, confifls of 354 days 8 hours 4B minutes, 
divided into twelve months, containing' 39 aod 30 ditys 
alternately: thougl^ometimes it contains 13 months; aitd 
intercalary days alio added every 2d, ;th, 7th, loth, 13th, 
tjth, iBlh, lift, 24th, 26th, andagth year. The monlfas 
commence with the firft appearance of the new Moon. 

The year is divided into twelve parts, called months, from 
the Moon, by whofe motions it was legulaKd : the month 
is properly the time in which the Moon pafles through the 
Zodidc, and is of feveral kinds; as, 

I. The iUamiaatiw mmih, which is the interval between 
tile appearance of one new Moon and that of the next ; and 
always varies in quantity. This month b ufed by the Turks 
and Arabs. 

a. yhe lunar fierioJifal mtntfi, or the ex aft time in which 
fhfl Moon nms through the Zodiac, and confifls of 37 days 
7 hours 43 minute; and 8 feconds. 

3. Tiie 
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]. The luaar fymdtcal mmtk, called a lunatmn, is rhc 
dote between two new Moans, as feen Irom ifae Euth, and 
confifii of 29 days iz hours 44 miauics 3 rccondi utd 1 1 
thirds. 

4. Tbt f^ar m«ui U the time the Sun runs ttiR>ugh one 
G^Q of the ecliptic, and conJiftt ai a mean rate of 3^d^y5 
to hours ag minuies 5 feconds. 

5. The thiH or cemmtB monik is ail uitcrval of a cotan 
number of whole days— fucb are the calendar tnonths. 

6. The d'jil lunmr mantk coiififti allrriately of S9 and 30 
days. Thus two of thefe months arc equal to two afbowi- 
inical montho, and the new Moon will be kept to the fiifi 
day of fuch dvil montbs for a long time together. Thb 
month was in moA common ufe till the time of JoHiu 
Cjefar. 

7. The eivil filar menii, which confifted altematdy of 
30 and 31 days, excepting one month which had ag dan, 
introduced by Julius Caefar. But under Auguftus, the fixth 
month, till then called Sextilis, recrived tlie name of An- 
guflus, from thence called Auguft; and one day 
added [o it, which was taken from February. This is tbe 
regular dvil month in ufe in EngUnd. . 

A week is a fpace of lime contain" in feveti daj-^ 
origiuBted from the diviGoa of the lunar month into feur 
parts. 

The diviflan of the month into weeks was ufed hf dw 
Syrians, Egypdans, and moll of the Oriental uatioiu. The 
Roman week conGfied of nine days, and the ancient Greeks 
ufed decades, or a fyftem of ten days. 

But the Jews ufed the week of feven days. The dayj t>f 
the week they denominated, the firfl, fecond, third, fourth, 
fifth; and the fixth day they called the preparation of the 
Sabbath, the Sabbath being the feventh day : and this di«t- 
iion is (till obfcrved by die Christians, Arabs, Pcrfutos, 
Bthiopanf, 3f«. 
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The aiu:ical heathens denominated ihe days of the week 
from the feven planet!^, calling each day after thai plaiiet 
which they fnppofed governed the firft honr of llw day. 
Thus, the firft day *a= called Dies Solis, or Sunday, from 
the Sun; the fecond, Dies Lunx, or Monday, from tlie 
Motm Sec. 

But our Saicon anceftors, before their converfion to Chrjf- 
tianity, named the days of the week from the Sun and 
Moon, and alfo from fome of their deified heroes, to whom 
they were peculiarly confecrated, which names we ftill 
reiain. Thus, Sunday was dedicated to the Sun; Monday 
to the Moon ; Tuefday to Tiiifco, or Mars ; Wedncfday lo 
Woden, or Mercury; Thurfday to Thor, the Thunderer, 
or Jupiter j Friday to Friga, or Frija, the wife of Thor, or 
Venus; and Saturday to Seater, or Saturn. And the days 
of ibe week are often exprelTed by jnoderu aflronomers by 
the characters of the planets, as, O for Sunday, and D for 
Monday, &c. 

A day is that fpace nf time which arifes from the appear- 
ance or difappearance of the Sun, and is either natural or 
artJlicial. 

The iiataiai day i^the portion of time in whidi the Sun 
apparently performs one revolution round the Earth; that 
is, the lime iu which the Earth makes a rotation on its oivn 
axis. 

The »rlifici»l day is the time from Sun riiing to Sun fct- 
ting. 

The natural day is either aftronomical or civil. 

The /i^roBDHiiM/ day begins at noon, or when the Sun's 
centre is on the meridian, and contains 34 hours to the 
following noon. 

The civil day is the lime allotted for the fpace of a day 
in civil purpofes, and includes one entire rotation of the 
Earth on its axis. This day begins at different times 
iu difTereiit nations: at Sun rifing among the ancient 
Babylonians, Perfians, Syrians, a»d moll other Eaftern 

VOL. II. K K nations, 
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H lutions, and the prefcut inhabiants of the Balearic IQaods, 

■ the Greeks, &c. Tl begin at Sun fcning among tfae andent 

■f • Acbeniaas and Jews; ii is alfo ufed bt the Anftnuis, Bq- 

^■F bemiaus, Marconianni, Silcfians, modem lolians, and 

^^^^ Cbioefe. tVah al! modern afiroaomers, and Ae aocicnt 

^K' Umbri and Anbians, the day is began at Doon ; di at 

H midnight amctng ibe ancieat Egipdans, Romans^ and with 

B [he modcra Englifii, French, Dutch, Germans, Spinixrdt, 

^^^^^^ and Portugwefe. 

^^^I^L An itmr ii the twenty- fourth part, but fometjoicscnily the 
^^^^^H twelfth pan of a day. 

^^^1 There arc various kinds of homr, as, i. Equal boun, 

whicb are the twenty-fourtk part of a natural day. Thev 
■re called equinoAial hours, becaufe ihey are mealured on 
the equiooflial ; and aftroDomical, bec^ule ufcd by aihooo- 
men. a. Babyloaifh hours, of which there are 34 equal 
ooes in the day, and reckoned from Sun riftng. j. Euro- 
pean hours, ufed in civil computations, and are reckoned 
from midnight; 13 hours from thence till noon, aod la 
more from uoon to midnight. 4, Jewilh, ot ptanctarv, or 
ancient hours, which are the twelfth parts of the' artificial 
day, and the fame parts of the arrifieiai night. Xhej- are 
called ancient or Jewifli hours, tiecaufe uled by tke aacjenis, 
and flill ufed by the Jens ; they are called planetary hoars, 
becaufe ancient adrologers prt?tended that a new planet 
prcfided over every hour. 5. Italian hours, of which iben 
are 24 equal cues to a day, reckoning from funfet. 

The hour is divided into 60 minutes; and each raii 
into 6ofeconds; eachfecond into 60 thirds, Sec. 

As time, for the purpofes of chronology*, is calculated hy 
years, it is necelTaiy 10 have fome certain fixed point of time 
from which c-lculailont can be made with certainty, which 
£xed point of time is called an ^pt;ka, or epoch. 

Different nations ufe different epochs or jeras; the Chiif. 

* tian* chiefly ufe that of the nativity of Jefus Chntt; tbc 

?'»bometai 
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the Jews, that of the creation of the world, or that of the 
Deluge ; the ancient Greeks, that of the Olympiads j the 
Romans, that of the building of Rome; the ancient Perlians 
and Aflyrians, tliat of Naboiiaflar, &c. 

The doftrine and ufe of epochs is of great importance ia 
chronology. And to find what year of one epoch correfponds 
with that of another, a period of years has becD invented, 
which commenced before all the epochs, and is a common 
ilandard of them all, and called the Julian period. To this 
period all the epochs are reduced j that it, the year of this 
period when each epoch commences is determined. Thus, 
adding tlie given year of one epoch to the year of the period 
correfponding with its beginning, and from the fum fab- 
trafting the year of the fame period correfponding to the 
other epHKb, the remainder is lh« year of thai other epoch. 
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Dionyfi»Q, or vulgu An of OuifTii Birth — 

Chflft cnicificci, Friday, Afiiil jJ — — 

lerafalrm AtfltajtA — — — 

Adrian's Walt built in Bfiuirk — — 

Diocletian Epoch a( Mtrlyrs — — 

I'he Cmocil •* Nic« — — — 

ConftaniiDG the r,icii dird — — 

Vtie Saxon; imiled into Briiain — — 

H^ikt 01 Flii^ht at MthaoKi — — 

Xbt Demfh of Mahomet _ — — 

VhePcriian Ycfdegird — — — 

The Moon, sad all ihe Primary Planels, feen In the 

Si^ Libra, From llir Garth — n •— 

Artol Priniingdifcoveied — • ' — • — 

The Brformaiion begun by Mariin Luibec — 

Tfw CaknAw cOiicAttl by Pofe GKgOry — 

Sir Ifiuc Ncwutn bom, December x£lll — . 

Oliver Cromwell <lied — ^ _ 

Sir (. Nenlon made Ptdideni of Ihc Royal Socieiy 
DM MarcH aotti — ^ — 

The New Planet difceveiid by Dr, Hcifchcl — 
The Cciet dc Ftrflinanrt difcvtred by M. Pifl7zi 
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^^^^H Teb cricfiial globe diffen kwa the terrcllria] one in 

^^^^^B favtog the imagn of ihe coafieikuons and figures of 
^^^^^P Ae fliri upon it, inflcad of the levenl part^ of tbr Eartli. 
The meridun circle drawn through the puies and tbepoinc 
Cancer rtprefcnti ihe folflitjal colure ; and that mcndiui, 
dnwa through the point Aries, reprcfeots tfac equino&U 
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PROBLEM L 
To exMnt a true Reprefentation of the Face of 
Heavens Jot any given Time and Ptaee, 

Reftify the globe for the latitude of the place (u uraghl 
in Geography), placing the north pole of the globe tovards 
the north pole of the world. Having found the Suit's pbce 
in the ecliptic, and brought it lo the meridian, €ct the index 
to 12 o'clock at noon ; then lum the globe on its axis tiH 
the index points lo the given hour. In this pofition the 
globe eitailly reprefents the face of the heavens as it 
at that time ; every constellation and flar in the faeai 
carreTponding in Gtuation to thofe ou the globe. 
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PROBLEM II. 
Tojind the DecUnation and right Afcenfim of any Star. 

Bring the flar to the brazen meridian ; and the number 
of degrees un the meridian between the equator and the fisr 
is its declination i and the degree of the equator, cut by the 
meiidian, is the ri^ht afccnfioii of the flar. Thus ibe right 
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afcenlion ot any lUr is an arch of the equator, intercepted 
between the firft degree of Aries, and that point where the 
meridian or circle paffing through the ftar cuts the equator. 

PROBLEM III. 
To find the Latitude and Longitttde of Snt/ Star, 

Bring the foiftiiial coliire to the meridian, and then fix 
the quadrant of altitude over the pole of the ecliptic, in (he 
fame hemifpliere with the Oar, and bring its graduated edge 
to the Ust; then the degree on the quadrant, cut by the 
Aar, is its latitude, counted from the ecliptic; and the 
degree of the ecliptic, cut by the quadrant, is the itar's 
longiiude. 

PROBLEM IV. 

Tofind tka Place of any Star or heavenly Body, having 

Us Declination and right ^Jcenfion. 

Find the point of right afcenlion on the equinoctial by 
Problem II. and bring it to the meridian; then count the 
degrees of declination upon the meridian from the equi- 
noAial, and there make a mark upon the globe, which will 
be the place of the liar, ice. 

PROBLEM V. 

To find the Place of a Star, Planet, Comet, Vc. 
having the Latitude and Longiiude, 

Bring the pole of the ecliptic to the meridian, and there 
fix the quadrant of altitude, which turn round till its edge 
cut the given longitude on the ecliptic ; then count the gii-en 
latitude from the ecliptic upon the quadrant of altitude, 
iind there make a mark upon the globe, which will be the 
pUcc of the ftar, planet, &c. The place of any Ihr, pla- 
net, 
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PBOBLEM VII. 
Tt^ihe AUUvde of a Star, ttc.far any pat* 

ilw. 

Adjnfi die (tote to tbe (^Jiiion of tU beaTcm, uid torn 
It till llvciiiitx poiiii to the given hour; then fix tbc qm- 
4nnt of oltiludc U 'fl ileg;rcc:i from the hcmon, snd tnra 
ll to the )jbu af llic (Ur ; tbcii the degreta of the quadnat 
InlerMirfol bwwctii the lioiizoq aud the flar wiU be the 
litftudl fougbi, 
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PROBLEM VIII. 

Having the Altitude of a Star Inj Night, or ike 
Altitude of the Sun ly Day, tofiid the Hour of 
the Day or Night, 

Reflify the globe as in the foregoing Problem, and turn 
tlie globe and quadrant till that degree of the ecliptic where 
the Sun is, or the ftar itfelf, cut the quadrant in the given 
degree of altitude; then the index will point to the hour 
required. 

PROBLEM IX. 

Having the Azimuth of a Star, or the Siin, to find 
the Time of the Night or Day. 

ReAify the globe as before, and bring the quadrant to the 
' ^ven azimuth in the horizon j [hen turn the globe till the 
I ftar or Sun come to the quadrant, and the index will then 
k,fliaw the hour of the night ur day, 
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Prhtcipal Terms ufed in jijironomy. 



jErai, caaia periodi of lime from wbrace di 
ami aftrononien begin their compuoiion*. 

Abiituie, the bright of the Sun, Moon, or i 
Uw horizon; and it U always reckoned i 
circle _ 

^mplimJe, an arc of the horizon contained | 
eafl or weft point of the heavens, and the ccj 
or a ftar, ai the time of its riling or fetting. 

Anamalj (true), the difnuic^ of a planet in 1 
&c. from that p<nnt of iti orbit which is 
the Sun. 

Antmaiy (mean), is that which would take plac^ i 
plantt moved uniformly in the circumference of a c 

jinteciJaaia, the moiioa of any heavenly body trbe 
is coniraty to the order of the figns, as, through i 
Taurus, Gemini, &c. touardi Pifces, &c. 

Apirlion, that point in the orbit of a planet wliidi faa 
lariheft diftant from the Sun, 

Aftgeta, that point in the orbit of a planet, in whjckll 
at its greateft diflance from the Earth. 

A/tfidfi, the two points in the orbit of a planet, wUcfafl 
il9 greatefi and leafl difUnce from the Sun : the line j^ 
Uiefe points it called the line of the apHdes 



jirmillaiyf/iheTf, an inftriimcnt having the principal cir- 
cles which are ufually drawn upon [he artificial globe. 

^fcmfiaaal difference, an arc of the equinoflial contained 
between that point of it which rifes with the Sun, Moon, 
or ftar, and that point which comes lo the meridbnwith 
them ; or it ii the time the Sun i-ifes or feis before or after 
fix o'clock, 

jltmafpiere, that collcflion of vapours, or body of air, 
that fuTTounds the Earth. 

jlxii, of the Earth or aoy planet, is an imaginary line 
palling through the centre, from one pole to the other. 

A%imuihsf great circles pafling through the zenith and 
nadir, and they are perpendicular lo the horizon. The 
azimuth of any ccleftial obje^ is an arc of the horizon, 
contained between the eaft or weft point of the heavens, 
and a vertical circle paflin^ through the centre of that ob- 
jeft. 

B'tfftxt'tU, or leap year, tvtrj fourth year, fo called becaufe 
the Rotnans reckoned the Jixth day of the calends of March, 
in this year, twice over. 

Cardinal poimi, the Eaft, Weft, North, and South points 
•f the compais. 

CurJinalptiBli^ftkeecliplie, the firft points of the figns 
Aries, Cancer, Libra, and Capricorn. 

Ctairifugal force, that force by which any body, revolving 
in a circular orbit, endeavours to fly off from the centre of 
motion in a right line, or tangent to the circle. 

Cent'iptial farce, that force which attrafl's any heavenly 
body towards the ceniie of its orbit, and which, together 
with the centrifUj^al force, preferves the body in the proper 
path of its orbit. 

Colure:, two great circles or meridiani, one of which 
pafTes through the folftiiial points Cancer and Capncom, 
and b called the folftitial coliire; the other pafles through 
the equinoAial points Aries and Libra, and ia called the 
cquinoilial colure. CenJuiffiM, 
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Cmjn^iai, ii when twa flan or pbn^s, fcca brm dte 
Son or Eanh, appear in tbe £uite om(U ^ the besfrciH, 

CaqbJbAM, fcTCtal fUn lying nor each other, w^ch 
aftrcMOnMn, tor the fake of mnembmng wjifa moR ede, 
fii|]fw(cd Rr br nrciimi'tTibed by (be uudinR of fotne aaa^ 

Ct/mieal riling or fening of a fiar, is when diev rife 
with the Sun in the momingj or ia wrtb faini in die 

Cimfrjmetia, the morion of ibe pUnrts according ta the 
order ot ibc Agio, as ftom Aries toirardt Taunts, &c. 

OilminaiLBg of the 5ua or s (lar, b when tbry come ra die 
nxridiaM of anv place. 

Qvir of the Moon, a pernxl of 19 jears, in whicfa time 
die chBOges and ecliplci of ihc Afooo are nearfy ibe &oc, 
and happen at the fame time. 

Day, ihat portion of time in u-hicb the Earth pe rf or ii a ta 
entire revolution upon its axis ; and ii eitber natural, am- 
ficia), or afironomjcai. 

D<cIinarioa of any cele(Kat body, is its diftancc uoith or 
■ fouth from the equator, reckonrd in degrees, minntn, Jtc 
upon a circle perpendicular to the «]uaior. 
■ Dtgrre, the 36otli part 0/ a circle. 

DlreH, 3 [tlanec is faid to be direfl when it mores acoording 
to the order of the Iigiis. 

Difi of the Sun, or Moon, is its round &ce, which, on; 
account of its difiance from us, appears flat, like a 
fuifKe. 

Dl^U " 'he twelfth pan of the Sun or Moon*k «fiav 
meter. 

Eeceniriciiy, the djftancc between the centre of an ellipfe 
and eithR- of its foci. 

Eclfprfc, that great circle in which the Sun appears to 
move. 

E!evat4»n of the pole, is an arc of the meridian contained 
4B the pole and the horizon, and is always equal to 
the 
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tbe difl^ncc of the zenith from the equator, tiiat is, the 
latitude of the place, 

Ekagaiiaa, the angular (tiHance of a planet Irora the 
Sun, 3:i it appears to a fpeftator upon the Enrth. 

EUijifii, a figure formed by cutting a cone obliquely. The 
orbits of all the planets are of this form. 

fmnj/fom, the time when any planet that i^ cclipfed be^nt 
ID recover its light again. 

Epaa^ tiie Moons age at the end of the year, or the dif- 
ference between the folaranc! lunar year. 

E^uaiiais, certain quaniiiies by which are eftimaicd the 
inequalities in the motion of a planer; the Moon being fub- 
iect to maiiy irregularities, has a great number of equa- 
tions. 

Equaiim tf Time, the diffeience between equal and ap- 
parent lime, or that Ihown by a clock and a fun-dial. 

E^uimxtt, Lbe two points where ihe ecliptic cuts the 
equator. 

Galaxy, or the Milky l^''ay, a large irregular loiie in the 
heavens, illuminated with a great number of liars. 

Gneentrlc place of a planet, is that part where it b Icen 
from the Earth. 

Heliacal rifuig of a fiar, is when it appears above the 

horizoB, before the Sun in the morning : and heliacal fctiiag 

of a Aar, is when it is not fren after the Sun tn the evening, 

H^licKeniric place of a planer, U that patt id which the 

planet is feen from the Sua. 

Hemi/piere, the half of a globe or fphere, and is cither 
Celeftial or terreftrial. 

H^ixiai, is the circle which fepftrates the vifible from the 
\R\ ifilk hcmilphere, and is either feniible or raiiona!. The 
former paffing over the furface of the Earth, and the latter 
tiirough the centre. 

Hour circles, are great circles paffing through the poles of 
fbc world. 
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Immerjiw^ the moment when an eclipfe begitu on a 

Jnclinaiim, the angle wttici) the orbit of one planet makes 
with that of anotlier. 

Laiitudi of a flar or planet, is its dinance from the ecUptki 
reckoned in degrci^, minules, &c. upon the arc of a gmt 
circle. 

longitude of a flar or planet, is its diRanctf from 
firft point of Aries, in degrees, minutn, &c, upon 
ecliptic. 

Luminaria, the Sun and Moon, fo called by way of emi- 
nence. 

Laitatien, the time between one new Mood and the 
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JI£if«iVu^«,. the different clafies of the flats, of which there 
are ufiially reckoned fix or eight. 

Mean motion of a planet, is that which would take pbce 
if it moved in a perfeft circle, and an equal fpace crery 
day. 

Meridian, that great circle which palTes through the poles 
and the zenith of any place. 

Mimiti the 6oth part of an hour in time, or the (amc 
part of a degree of fpace. . 

NaJir, that point tn the heavens direftly under ouflHct. 

Nodei, the two points where the orbit of a plaaet intcr- 
fefls the ecliptic. 

Norilierti Jigni of the ecliptic, are thofe fix on the nonh of 
the equinoftial, viz. Aries, Taurus, Gemini, Cancer, Leo^ 
and Virgo. 

Nacleus, the head of a come^ or the central pan of a 
planet. 

Oilrgue a/crn/ta of the Sun, or a ftar, is an arc of ibe 
equinoflial contained between the firft degree of Aries, and 
that point of it which rifes with the Sun or flar. 

O&lifMt 



Oilique Sphere, is tbal polidon of the globe when either 
pole is above the horizon iefs ihan yo degrees, 

OpptfiieH, whan Iwu flars or planets are i8o degrees 
diftant from each other. 

Oriii, tlie path a planet defcribes in its courfe round the 
Sun. 

Oriis magmis, the orbit of the Earth. 

Parallax, the diifereHce between the places of any celeflial 
body, as feen from the centre, and from the fur&ce of the 
Earth. 

ParaUax of lie Earth's atttmol iriii, ii the angle aC any 
plana which is ftjbtended by the diftance between the Sun 
and Earth. 

Parallels ef latitude, are fmall circles of the fphere, parallel 
to the equator. 

Ferigeen, that point of a planet's orbit in which it is 
neareft the Earth. 

Perikeliat, that point of a planet's orbit neared the Sun. 

PtleJlaT, a ftar of the fecond magnitude in the taL of the 
Greater Bear, To called from bebig fituated itear the North 
Pole of the world. 

Pefrr of (if 'Jiarld, the two points at the extremitica of the 
Earth's axis. 

Prtcejim «f tlie tquiiaxes, a (low motion of thefe two 
points, whereby they are found to go backwards about 50 
feconds in a year. 

Qnadrani, the fourth part of a circle j alfo an iiiflrumeut 
for meafuring angles. 

RetTtgrade, is that motion by which fome of the planets 
feem to go backwards, or contrary to the order of the 
figns. 

k!gkt afienfian, is that degree of the equator which comei 
to the meridian with any celeflial body, reckoning from the 
firft point of Aries. 

SateUiitt, the iccoodary planets, 

Tofc. U. MM Stna^ 
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{•(% tfaofe peimb of ifae Hoob^ ocfait wboe i 

Td^i^/mn, vc ftwaooly difeannble by ■■• «f • 
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7r«)fr, B d>e padEi^ of cckfiial bodie bcfon oaeanoAa. 

Tvljfi^ dur hka ^ht «e pcti:ciTC bdbrc Ac flSnt 

■d after dK faong of tbc Sua, occagoned bjr the S«nk> 
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ZaUA, tte poiai of tbc heaven dirediy over oar beada. 

ZoJittr, thai aone funounding tbc heavens oa each 6tle 

of flic ecliptic, in wbicb aU tbepfasets pcrfom tlav mo- 
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CHAP. XV. 



OF MECHANICS. 



Definilions. 

I. 1 HE mccianical pmoett are certain fimple machines ufed 
for railing greater weights, or ovcrcomiog greaier rcGflances, 
than the natural llreugth of man cau perform without 
them. 

a. Thefe Jimple machines are reckoned fix in numberj 
TIB, I. The tcvtr; a. theii»i?f/; 3. thejiBUey; 4. ihe/creto; 
5. fix tutdge; 6. ihe tKcKneJ jklaia. 

3. Firce is a power exerted on a body to move it; if it 
aA inflanuneuufly, it is called pernjiat, or impulfe j if con- 
ftanlly, it h an acttlerathx force. 

4. Gravity 11 that force wherewith ihe body endeavours to 
fill downwards: it is called aijohte gr/rvity when in aa 
empty fpace, and rclniive gravity when immcrfed in a fluid. 

;. Specific gravity is the proportioti which the weight of 
otic body bears to that of another. 

6. The centre 0/ gravity is a certain point in a body, upon 
which the body, when fufpcnded, will reft in any pofidon. 

7. The centre rf maiiaii is a fixed point round about which a 
body mm-es. Andahe axis of motion is thdt fixed line about 

8. Pnotr and ivcigit, when oppofed to each other, fignify 
the body that moves another, and the body tliac is moved ; 

H H 2 Ac 
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the body which communicates rhe motion is the power, 
that which receives the motion is the weight. 

g. FriHioa is the refiflance which any machine fuffcrs fc 
the parts rubbing agaioft each other, 

In the praftice of mechanics, though all bodies are tou^ 
in fome degree, and all engines imperfeft ; yet it is neceflary 
to conCder all planes as perfectly even, a!! bodies perfedly 
fmooth, and all bodies and machines to move without fric- 
tion or refiftancc, all lines fttaight and infle:uble, aU o 
very pliable, &c. 




SECT. I. 



1 THE SIX MECHANICAL POWl 



The whole principles of relatice motion in mechi 
depend upon this one fingle nAt-.—Thai ike mWr/wrt ^~" 
a miving Body is ihe refill of it, qmat-ly cf mailer mMlliplUJ 
fy t/u vtlmiy of ill motion. Thus, when the proHoft 
arifing from ihe multiplicaiion of the particular quantities 
of matter in any two tiodjes by their refpei5ti»e velocities 
are equsl, the entire forces are fo too. For example:— 
iuppofe a body, A, which weighs 40 pounds, to move at the 
rale of two miles in a minute; and another body B, which 
weighs only four pounds, 10 move so miles in a minute: 
the entire forces with which tl.efe two bodies will ftrike 
Bg^inft any other would be equal to each other, and there- 
fore it would require equal powers to flop themi for 40 
multiplied by 2, gives So, the force of the body A : ^ 
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is alfo ihe produfl of 4, muliiplied by ao, the force of the 
body B. Thus, the heavier any body is, ihe greater is the 
power required, either to move or flop it. And again, 
the fwifter It moves, the greater is its force; therefore, 
when two bodies are fufpended on any machine, lb as Co aA 
contrary to each other, if the machine be put in motion, 
and the perpendicular afceut of one bedy, multiplied into 
its weiglit, be equal to the perpendicular defcenc of the 
other body, multiplied into itg weight; ihofe bodies, how 
unequal foever in their weights, will babncc one another 
in all (ituations ; for as the whole afcent of one is performed 
in the fame time tvith the whole defcent of the other, their 
refpeftive velocities muft be direflly as the fpaccs through 
which they move ; and the excefs of weight in one body is 
corapenfated by the excefs of velocity in the olber. Upon 
this principle the power of any machine may be eaGly 
computed ; for it is only finding how much fwifter the 
power moves than the weight doe? (that i=, how much 
ferther in the fame time), and juH fo much power is gained 
by the engine. 

A Utxr is a bar, either of iron or of wood, one pan of 
which is fupporied by a prop, as its centre of motion. And 
the velocity of every part or point in the lever is direi91y as 
its didance from the prop. 

There are four kinds of levers:— 1, The commim lever, 
where the prop is placed between the weight and power, 
but much nearer the weight than the power. 2. Whereihc 
pmp is at one end of the lever, the power at tlie other end, 
and the weight between them. 3. Where the prop is at 
one end, the weight at the other end, and the power applied 
between them. 4. The ieaded lever, which differs from a 
lever of the firft fort only in being bent. Levers of the 
lirft and fecond kind are often ufed lu mechanical engines ; 
but Ihe third kitid are feldom ufed, as no power can be 
gained by them. 

When the power is at the fame diftance from the prop as 
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_''tbe weight Is, and [lie power and weight are both alikr, the 

finachine will remain in eqiiilibri'tm, and no power can be 

j'guned. This is the principle upon which the cooimon 

tbalance is formed. Let C D C/f . 1 4, /ilaic rg) be a beam 

r lever, E the middle point, or centre of motion, which 

r *»)' be conlidertd a? the prop ; A B two weights hanging at 

;nds C and D j then, when the machine is fufpended at 

I'the point E, and put In motion, the points C and D, being 

Ltquidiftanc from E, will dcTcribe equal arches, tberdoFe 

r velocities will be equal ; and if the bodies A and B be 

Q equal, then the motion of A uiU be equal tu that of B, 

A the velocities and quaniiiies of matter are equal ; and con- 

;nily, if the machine be at reft, neither of the weight! 

e the other, but they wil! remain in equilibrium. 

The life of the balance or common pair of fcales. Is to 

'iompare the weighls of diffMent bodies ; for any body, whofe 

C^eight is required, put into one fcale, will be balanced by a 

' Iwxly of the fame weight, put into the other Icale. 

Ill order Iti have a pair of fcales perfcft, they (hould poflefs 
the following properiies: — 1. The points of fiifpenfion <rf 
the fcales, and the centre of motion in ihe beam C, E, D, 
muft be in a right line. 2. The arm^ C E and D E, muft 
be of equal length. 3. The centre of gravity muft be in 
Ihe centre of motion E. 4. There (liould be as litrfc fric- 
tion as pol&blc. 5. The fcales muA be in equilibrium wbca 
empty. 

If the centre of gravity of the beam be above the cetitrt 
of motion, and one end of the balance be put lower than 
the other, that end will continually deCcend, till it be (topped 
at the handle H -, but If (he centre of gravity of fhe beam 
be belaw the centre of motion, the balance will preftrve an 
equilibrium. 

Hence, to examine a pair of fcales, let the weights in (be 
two fcales be in equilibrium, then change the weights to tlie 
contrar)' fcales, and if they remain in cquUibrium, the bB< 
lance is true, othcrwife it is faife. 
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Let A B C (fig. I, plaie 19) reprefent a lever of the firft 
kind, fupported by the prop D ; the pani A B and B C, on 
*ach fide of the prop D, are called the arms of the lever; 
the end A of ihe Ihorter arm A B is applied to the weight 
to be raifed, and the power b applied to the end C, of the 
other arm B C. The principal ufe of thi^ lever is to loofeu 
large ilones which are hxed m the ground, or to railc 
great weight! to a fmall height, in order to place rollers 
under them, or ropes for railing ihem liigher by other 
machines. 

In this lever, the fhorter arm A B fhould be as much 
thicker than the longer arm B C, as will be fofticient to 
balance it on the prop D. Thus, if P reprefent a power 
whofe weight ii equal to one ounce, and W a weight of 
twelve ounces, and if the power be twelve times iarther 
irom the prop than the weight is, they will exaftly counter- 
poife eficli other; and a frnall addition applied to the power 
P will raife the weight W ; and the velocity with which the 
power defcends wtU be to the velocity with which the weight 
Hfe^, as la is to 1 ; that is, dirciftjy as their dilhncei 
from the prop; and confequeatly, as the fpaces through 
which they move. Thus, it is evident, that if a man, by 
. his natural flrengib, could lift an hundred weight, he will, 
by a lever of this fort, be able to raife twelve hundred 
Meigbt. If the weight be iefi, or the power greater, than 
in the foregoing cafe, the prop may be placed fo much 
fartlicr from the weight, and then it can be raifed to a 
proportionjbly greater height by the fame addition of 
force : but if itie weight be greater, or the i>ower Ids, ttw 
prop flionid be plated fo much nearer the weight. For» 
wniverfaliy, if the gravity of r!ie weight, multiplied bj 
ia didance from the prop, be equal lo the gravity of tha 
'er, multiplied by It; ditlance from iIk prop, the 
•er and weight will exaftly balance each other. Thus, 
fie weight W bp twelve ounces, and its diftanct; from 
the 
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file prop I inch ; th<i product of la mohiplied by i u la ; 
ind if the power P be i ounce, and its didaoce from ihe 
prop la indies, ihe produft of (hefe two is alfo ii ; ihwc- 
fbre ihey countcrpoifc each other. If a power equal to 
a nuncn be applied at 6 inches diftance from the prop, it 
mill alio balance the weight W, lor 6 muhiplied by z h la. 
And if fhe power be 3 ounces, and placed at 4 inches dif- 
tance from the prop, it would alfo bal^r.ce the wdght W, 
for 3 times 4 is la. And the like in any other proportion. 
A poker ftirring a fire is a lever of this kind ; the bar upon 
which it rcll; is the prop, the hand applied to the end of 
It is the power, atid the incumbent coals on the other end 
die weight. Several forts of inflrunients arc formed of 

' two levers of this kind, as, fcifiars, fnuffers, pincers, 4c. ; 

' the prop, or centre of motion, is the pin which hplds ibem 

' iDgeiher. 

' The fiaUra, or Roman fteelyard, is a lever of this ktod, 

"^ ftnd is ufed to find the weight of any body by one fmgle 

eight, placed at different diftances from the prop. G X 

■ '(fig, i;) is a Aeelyard, fufpcnded by the book O, from the 

centre of motion D ; the fliorter arm D G is of fuch a 

' weight as exaftly to crunterpoife the longer arm D X; if 

^ tills longer arm be divided into a; many equal parts as it 
Will contain, and each part equal to O D, the liugle wdght 
P will weigh any body as heavy as iifelf, or as many times 
fceavier as there are divifions in the arm D X, Thus, if tbe 
weight P be one pound, and placed at the firfl divifioa t, 

r in the arm D X, it will balance one pound in the fcale W; 

' if it be removed to the fccond divifion at a, it will balincc 

y two pounds in fhe fame fcale; if to the third, three poundt, 
And if each of thefe integral divifions could be divided 

[ into as many equal parts, as a pound contains ounces, tben 
: weight P, placed at any of thefe fubdivilions, wouU 

t fliow the odd ounces, over and above the number of pouMdl 
of the body in tiie fcale. 

The 




The fecond kind of levers have the wrighi between the 
prop 3iid the power {fig. a). In this, as well as ihe fomner, 
the advantage gained, is a; the didance of the power from 
the prop, to the dlflance of the weight from the prop ; and 
the rules for computing the force of this lever are the fame 
wiih thofe of ihe former. Thus, if W be a weight of Gat 
oiinces, hatiging at the dlflance of one inch fronj the prop 
G, and P a power or weight of one ounce, hanging at the 
end B, fix inches diftant from ihe prop (by the cord C D 
running over the fixed pulley E), the power will ju(i fupport 
the weight : and a fmall addition to the power will raife the 
weight one inch for every Gx inches tiiat the power defcends. 
Thus the power afls with the fame force upon the weight, as 
it would do, if the weight were at ilie fame iliftaoce from the 
prop, and on the olher fide thereof, in which cafe it would 
be a lever of the firft fort. 

Two men carrying a burden upon a flick exhibit a fpe- 
cimen of a lever of this kind; and the portion of weight 
borne by each man, is in proportion to his diftance from the 
weight. In yoking two horfes of an unequal ftreng^th to 
draw any load, the point of tsftion is placed as much nearer 
to the flronger horfe than to the weaker, as the ftrength of 
the former exceeds that of the btter. 

Of this kind of levers are oars, rudders of fliips, doon 
turning upon hinges, cutting knives fixed at the point, &c. 

The third kind of lever has the power applied between 
the weight and the prop, in which, in order that the power 
may counterpoife the weight, the gravity of the power muft 
exceed that of the weight, as much as the diftance of the 
weight from the prop exceeds the diftance of the power from 
theprop. Thos,ifE (fig. 3) be thcpropof iheleverAB, 
and W a weight of one pound, which is placed three times 
as far from the prop as the power P, which afls at F by the 
«ord C going over the pulley D ; the power P muft be three 
pounds, to coUQterpmfe the weight of W of one pound ; 



■nd for every inch the power P defcendi, ihc weight W vrili 
afcend three inches, Ice. 

Levers of this kind are very little ufed, becaufe they give 
DO advantage in point of force, though iliey give ao advan- 
tage in point of tnotjoii ; but in fome cafo they beconae 
Dcccflkry, as in raifing a ladder agMnfi a wall, in which cafe 
the foot of the ladder, which is fixed againft the grmind, is 
the prop^ the man's hand who raifes it, liie power, and the 
whoic length of the ladder, from the hand to the upper end, 
is the wdght. 

The bones of a man'sarm arc llkewife levers of this kind J 
for the mufclc which raife? the arm, is fixed to the boaeaboui 
a tenth part as far below the elbow as the hand is. There- 
fore the elbow aay be coniidcred as the prop upon 
which the lower part of the arm turns, and the mufcle mud 
confequently exert a force len times as great as the weighl 
which is ralfed in the hand. 

The fourth kind of lever has all the properties of the Erf) 
kind, and di^ra from it only in being bent, which is done 
for the fake of convenience. .\CB(/g. io> is a lever of this 
fort, bent at C, its prop or centre of motion ; W the wcigbi, 
and P ihc power aifling at A, over a pulley by means of the 
cord D. As the mechanical power of this lever Is ibe lame 
with that of the firft fort, it need not be repeated. A hammer 
dnwiog a nail is a lever of this fort. 

The fecond mechanical power ii. (he n-^f/ and fu/i; (fig. i), 
in which the power is generally applied to the circumfierence 
cftbewheel, and the weight W tothatof the axle ; the weight 
being raifed by a rope vvinding round the axle as the wbeel 
turns round. In ihi^ inltrument it b evident, that the velocity 
of the power muft be, to that of the weight, as the circumfe- 
rence of the wheel is tu the circumference of the axle : and 
the power gained is in proportion to the circumference of the 
wheel to that of the axle. Therefore, «'hen the gravis of the 
power is to that of the weight, as the circumference of tiw 
axle is to the circwnfcreaca of Ae vi^ed^ the power aod 
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weight will balance eacii oiiier. Again, let A B br a wheel, E D ^ 
the axle, and the circumference of the wheel eiglit times 
as great aj thai of the axle ; then a power P of one pound 
weight hanging by the cord I, which goes round tlie wheel, 1 
will balance the weight W of eight ponnds hanging by the 
rope K, which goes round the axle ; and a fmall addition 
to ibe power will caufe it to defcerd and raife the weight; 
but the weight will rife with only an eightii pan of the 
velocity wherewith the power defcends ; and confequenily 
will move through only an eighth part of an equal fpacc 
in the fame time. If the wheel be pnlled round by the 
handles S S, the power will be increafcd in proportion to 
their length. 

In this mechanical power the radius of the wheel and the 
oppofitc radius of the axle nay be confidered as the longer 
and Oiorter arms of a lever of the firll kind, the centre of the 
axle being the prop. 

Sometimes the wheel, oT the axle, is indented, or cut into 
teeth, which have another wheel working in them, as in 
jacks, clocks, mill-work, &c. by which means the)- give a 
much greater mechanical force. To compute the power of 
a combination of whreb, multiply the radii of all the axles 
continually together, as alfo the radii of all the wheels; 
then, ai the former produfi is to the latter, fo is a givea 
power applieo to the circumference of a wheel to the weight 
it can fuflain. For example : in a combination of five wheeli 
and axles, to find the weight a man cau fnllain or raife, 
whofe force is equal to 1 50 pounds, tbe radii of the wheela 
being 30 inches, and the radii of the axles three inches. 
Here 3 multiplied four times into itfdfi produces 343 ; and 
30 multiplied four times inio ilfelf, produces 34,300,000; 
therefore, as 34} is to 34,300,000, fo is ijo to 15,000,000 
pounds, the weight he can fuflain, which is more than 6696 
tons, or above 100,000 times a& great a weight as he could 

lain by his own natural force. 

M N a But 
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Bu! here it miift be obferved, that tliough there b a prodi- 
gious gain of power in ihefe combinations of wheels, yet 
there is » greit lofs of lime; that is, the weight in t^us cafe 
will move 100,000 times flower than the power; and ttot 
13 true in fill mechanical cafes whatever. 

The third mechanical power is ihe^n/ty, or romettmes 1 
fyftem of pullies. Sometimes ihefe are fixed in a block ot 
cafe, which t; alfo fmeii ; at other times they are in a block 
which is moveable, and rifes widi the weight. TTw lingle 
pulley A (Jj^, 9) gives no mechanical advantage, thouglth 
may ferve to change the direftion of the power ; but is only 
as the beam of a balance, whofe arms are of etjual length 
and weight ; and is, in &£V, but another form of the ba- 
lance. 

The fyRem of pullies is reprefented /g. la, where the 
four pullies are fattened to an immoveable block above; 
three of them, A, B, C, by the three diftinft cords ranning 
under them. The power of this fyftem of pullies is dif- 
covered by fiippaCng W a weight of 16 pounds, fufpcndcd 
from the pulley C, whicli is alfo fufpended by the cord C, 
one end of which is fattened to the block above, and the 
other end fupported by the pulley B ; therefore the pulley 
B fuHaios only half the weight of the weight W, or eight 
pounds; the oiher half being fuftained by the cord C, fiied 
to the block. Then the cord B, which goes under the 
fecund pulley, fuflains the weight of eight pounds, which is 
alfo divided, four pounds being Ailbiined by the cord B, 
Axed in the block above, and ihe other fuur pounds by the 
next pulley A. This next pulley A alfo has its wngbi 
divided, one half being fupported by the cord A fixed to 
the block, and the other half fupported by the fmall pulley, 
which fmall pulley again divides the weight it fupports : fo 
that the power P is equal to only one pound, which wHl 
counterpoife the weight W of 16 pounds. 

The velocity of the weight to that of the power is fl 





gravity of the power is to ihat of ihe w 
defcend eight inches, A willafccnd fourin 
md W half an inch. 

A, B, C, D, O^V- 1 1,) are four puUies, two of which, A 
and 6, are in a Hxcd block X ; the two others, C and D, in 
s moveable block. Here the weight W is raifed by pulling 
the cord at P, which goes fucceflivelj' over the four pullies, 
aod is falteucd at the end to the fixed block at f. The 
purchafe of this machine is feen to be as 4 to 1, for P i« 
fuftained by the Cngle cord ; but W by four folds of the 
cord, viz. — 0,/ II, i, fo tliat if P be one pound, W will 
be four. 

The velocity of the power to that of the weight is alfo, at 
in the former cafe, as the gravity of the weight to tliat of 
the power, or as 4 to 1 ; for when P defcenils four inche^ 
(he parts of the cord at k will afccnd four inches towardi e, 
and all the other parts of the cord will equally follow each 
other; and as there are four folds in the cord, viz, «, j, h, if, 
they will each of them be fiiorteiicd one inch, and C or W 
will be fo much raifed. 

In the fame manner the purchafe of any combination of 
pulltes may be determined ; for the momenta of the weight 
and power will always be eqiiat ; as in the other mechanical 
powers. 

The fourth mechanical power is the inclined pianr. In this 
machine the advantage gained is as great as its length ex- 
ceeds its perpendicular height. Let A 6 (fif. j) be a plane 
parallel to the horizon, and C D a plane inclined to it; if 
the length C D be three times as great as the perpendicular 
hdght G F, the cylinder E will be fupponed on the plane 
C D, by a power equal to a third part of the weight of 
the cylinder; or, it may be rolled up the plane with a third 
part of the power, which would be fuffieient to draw it op 
the fide of an upright wail. If the plane were four times as 
long as the perpcadlcular hd^bt, it would require only the 
fbunh 
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fourth part of the power ; and fo on in proportion. The 
ufe of ihis power is to raife a great weight to any emi- 
wiiich is ufually done by piiflibig it up a ftout 
plank, fet floping to tlic place defigned ; and fuch plank, 
or other contrivance fimilar tliereto, is called an inclinni 
plane. — Now it is evident, the fteeper the afcciit is, the more 
difficult it is to pufh any weight up iij and the more the 
afcent inclines to the horizon, the eaficr the weight may be 
puflied up. This is evident from the eafe with which x 
rolling weight u forced up a hill, that rifcs gently, while tt 
is fo difficuh to roll the fame weight up i hill which is very 
lieep. 

The force wherewith a rolling body defcends upon sa 
inclined plane is to the force of its abfolute gravity, as the 
height of the plane is to its length. Thus, if the perpendi- 
cular height G F of ihe plane be equal to half its length A B, 
the cylinder E will roll dou-n the plane with a force ef^vutl 
to half its weight ; and it would require a power equal to 
half its weight to fuftairi it. If the plane be fo much ele- 
vated 39 10 be perpendicular to the horizon, the cylinder E 
would dcfcend with its whole weight, becaufe the plane 
contributes nothing to its fuppon or hindrance. 

In an inclined plane, a power afls to the greatcft advan- 
tage, when its direflion is parallel to the furface of the plane. 

The -weif^c conftitutes the fifth mechanical power, and 
may be coiifidered as two equally inclijied planes, A D F 
(^g. 6) and C B F joined together at their bafcs F O » 
(hen D C is the whole thicknefs of the wedge A B C D, or 
the back uf the wedge, where the power is applied r £ F the 
height or depth, D F tlie length of one of its fides, equal 
to C F, the length of the other fide, and O F its fliarp edge, 
which is driven into the wood intended to be fplii by die 
force of a hammer or mallet Rriking on its back. Tbu% 
A B is a wedge (fig. 7) driven into ihe cleft C E D of the . 
wood I'G, 

TlK. 



I 



I 
I 



OP MECHiLMICS. 379 

The power gained by the wedge is ia proportion to the 
Jength of ihc flant fide to half the thicknefs of the back. 
Thus, if the back of the wedge be two inches thick, and 
the fide ao Laches long, any weight performing on the back 
will balance ao times as much afling againfl the fides. To 
ufe a wedge to the greatefl advantage, it (hould be forced, 
not by prelTurc, but by pcrculTion, as by the blow of a 
hammer or mallet ; by which means a wedge may be driven 
in below any weight, and fo made to lift it up, as the largeft 
Ihips, £cc. 

The wedge has a very great mechanical force, and effefts 
wlut would be impoflible by the lever, wheel and axle, or 
pulley; for the force of the blow iliakes all the adjacent 
parts, and thereby maket them feparate more eafily; fo.tliat 
not only wood, bdt even rocks, can be fplil by it. 

To the wedge may be referred the axe or hatchet, the 
chifel, the fpade and Ihovel, knives of all kinds; at aUb 
the bodkin and needle, and all tons of inHrumcnts which, 
beginning from an edge or point, become gradually 
thicker. 

The fixth, and lafl mechanical power, ii iheyrr^w, which 
it not properly a limple macliiiie, bccauf* it cannot be iifed 
without a lever to turn it, called the winch or handle. It is 
a compound engine of very great fuicc, and is a kiiui of 
perpendicular or cndlefs inclined plane, fliU farther affilled 
by the powec of the handle or lever : and the gain of power 
is in proportion of the circumference deferibed by the power 
to the diflance belwecn one thread and the next in the 
fcrew. 

Thus, let C be a wheel (/ig. 8), having a fcrew a i, on 
its axis, working in the tecih of the wheel D, which fuppofe 
to be 46 in number. Then it is evident, thai for one rcvo- 
lutioa of the wheel C, fcrew a i, and winch A, the wheel D 
will be moved o;ie tooth by the fcrew : and therefore In 48 
revolutions of ihe winch A, the wheel D will be turned oiite 
round. 



round. Then if the circumference of the circle defcribcd 
by the handle of the winch A be equal to ihc dicumference 
o( a grooTC round the wheel D, the velocity of tbe handle 
will be 48 times as great as the velocity of any guen point 
I the groove; confequenii) , if a line G goes round ihe 
groove D, and has a weight of 48 pounds fufpendcd from it, 
tielow the pcdafbl E F, a power equal 10 one pound ai ihe 
Hndle will fopport this weight; or, if a groove be mai^e in 
the whfel C, equal in radius to the circle deftribed by ihe 
handle, ihe weight H of one pound, fufpended ibcrcfrom by 
a line in the groove, will balance the 4S pounds, as before, if 
the line G, irftcad of going round the groove of tile wheel 
P, go round its axle I, the power of the machine will be as 
much increafed, as the circumference of tlie groove exceedt 
that of the axle, as fhewn under the wheel and axle. And 
if a fj-ftcm of [.'ullies were applied to the cord H, the powa 
could be increafed to an amazing cxcefs. 

The ufes to which the fcrew is applied are various ; it k 
chiefly ufed for prefiing bodies elofe together, astheprcSs 
for bookbmdeh, packers, bot-preflers, &c. 

The friftion in the fcrcw is very conGderable, as it a 
alio in the wedge, wliich generally requires a tliinl part 
more of the power to work ihem when loaded, than whw 
is fufliclent to confiilute a balance between the weight tad 
fcr. 

f machines or engines could be made without fridioD, 
e kaft degree of power above what is fufficient to balance 
the weight, would be fufficient to raife it. In tbe lever ihs 
bifiiaa is little or nothing; in the wheel and axle it is but 
fmalt ; in pullic? it is confiderable : and in the inclined planc^ 
wedge, arid fcrew, it is very great, 

Wood greafed, or meial oiled, have nearly the btac fric- 
tion; and the fmoother they are, the Icfs is thdr fHAion, 
provided they be not too highly poliflied. In polilfaed fled 
moving upon poliQied fteel or pewter, the friAuo is abont a 
fotuih 




fourtb part of the weight, on copper a fifth part, and on 
br»fs a fixlh part of the weight; iron or ftecl running in 
brafs has the lead friflion of any. And metals of the fame 
fort have more fri^ion than different forts; and in general 
the friflion increafes in the feme proportion with the weight, 
but K greater wiih a greater velocity. 

The friflion in pullies is now almoft reduced to nothing, 
by the contrivance of Mr. Garnett, in his patent friftion 
rollers, which produce a great faving of Inboiir and cxpenfe, 
as well as wear of the materials, both when applied to pullies 
' and the axles of wheel -carriages, liy thi:i contrivance, there 
is a hollow fpace left between the nave and axle, or centre 
and pin-box, which is 611ed ti]) by foiid equal rollers, nearly 
touching each other, and furnillied with axles, each of which 
is inferted into a circular ring at each end, by which their 
relative diftances are preferved ; and they are kept parallel 
by means of wires faftened to the rings between the rollers, 
and to which the wires are rivetted. 

It is a general property in all the mechanic powers, that 
when the weight and power balance each other, if they be 
put in motion, the power and weight will be to each other 
reciprocally as the velocities of their motion; or ihc power 
is to the weight as the velocity of the weight is to the velo- 
city of the power J fo that their two momenta are equal: 
viz. — The produft of the power, multiplied by its velocity, 
is equal to the produft of the weight mulriplied by its velo- 
city. And hence the general rule : »iz. Thai -wiai hgainrd 
in pnuer ii laji in time. For the weight moves as much Qowei 
as the power is lefs. 
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SECT. U. 



OF THE AfrLlCATIOa OP THE POWEaS TO MILLS 
AXD UACBINES. 

In order to discover the propeni» of any tnachme cnn- 
-fHHng of the mixbaakal po«m, k is nectfCtry to cacuUff 
tfip wBgbt tini if to be ni'joi, or the nrfillaiice to be ofCF- 
camci aod ilib ibe pawn nqu'iicd W> niM the w^^i^ « 
overcome the refiflancc For diit puipofe, diere arc R* 
principal problmis, the rdbludon of vhkb is rcquifiir to 
(how the powers of any cn^nc,— The firfl ptoblem is, TV 

ffelfrminf tie pref^tfax thai lie fanstr /md orr^ir t^k » 
itfTf M cafj MiIct', tJii/ r Jrr maj be >■ '<(r jif# 
The lecond Is, 7* Jafrmlut vJiai t1^ 
hitaxai ihe proitT a<id -i^Krgii, rial lie mackime 
^rtalffi tffed in agiixa Imt. 

The Erfi problem is folvfd by ihii general raJe, rit. — 
Thst t!ie power ami weight fullaiD cadi other, ur are is 
et^uinbriun), wbef> t1>e power and neigbc are reciprocally 
proportional to tbc dittancK af the direftloiu id whicb tbrv 
ad from the centre of iDOtlon ; or when the produd of the 
power tnuliiplietl by (lie dif^aiice of its diredioa is etjinl ra 
the produft of the weight inuliiplied by the diflance of iti 
dire^on. This i; ibe proportion of the weight and power 
when they are in equililr'mm, fi> that the one wou!d not pre- 
vail over the other if ll»e engine were at reft; and if it be fet 
in motion, it would continue to proceed uniformly if there 
tKre no frifiion of its parts anJ other reCftanccs. And in 
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general the effeft of any pnwer or force 13 as the produd 
nf iha! force inuiijplicd by the dillance of its dircflion 
from the centre of motion ; or the produfl of the power, and 
its velocity when in motion, for the velocity is proportional 
10 the diflance from that centre. 

The fecond genera! problem in Mechanics, is of the 
greateft importance, though it has been little attended 10 
by mechanical writers, vh. — To determine the proportion 
between die power and weight, fo that when the power 
prevails, aiid tlie machine is in motion, the greatef! effeft 
poflible may be produced by it in a given time. When the 
power is otiiy a little greater than what is fufficient to fu(bin 
the weight, the motion is ufually too flow ; and though a 
greater ueight be raifed in thb cafe, it is not fufBcienl to 
compcnfate for the lofs of time. And when the power is 
much greater than what is fufficient to fiiftaiii the weight, 
the weight is raifed in lefs time ; but it often happens, that 
this is not fuflicient to compcnfate for the lofs which arifes 
from the load being reduced ; therefore, the only general 
rule that can be given is, to find when the produA of the 
weight, multiplied by its velocity, is the greateft ; for this 
pi'oduft meafures the effeft of the machine in a given time, 
which is always greater in proportion as both the wnght and 
velocity are greater. 

In the conftruftion of compound machines, where it is 
neceflary to alter the direftion of the motion, rcconrfe muft 
be had to what is calltd bevel ^eer^ the principle of which is 
as follows : — 

I.et A and B (fig. i;} be two cones revolving on thetr 
centres a c and a b ; if ihdr bafes be equal, they will each 
perform their revolution in the fame time; and any two 
points in each cone equally diftant from the centre, as d i, 
d a, d 3, Jcc. will revolve in the fame time as f r, f «, f 3, 
&c. refpeflively. But if one cone be twice the diameter of 
the other, as the cone a d e (Jig. ao), which is twice ihe 
diameter of the cone fad, then as they turn upon their 
002 centres, 
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xc, wbcn the cone a f d has iinie one Rvolutioo, the 

IfcttCM d e vill (a^'c taaic but liaif a reroluaoa, and evrr; 

1 pan to each cone, equally iljlbni (tom ibe centfc a, will 
have ibe bme proponioa io tbfir revolutions to each other. 
31 f I, 1 1, f 3, &c. vill hare made tiro rerblaiioiM lo the 
poina e 1, e 2, e 3, Sec. for one rc-voluooo of the otber coot 
rdpefiivcly, ire Now, if the cones are fluted, or haw 
Icftb cu: in them, diverging from the centre i to ibe btio 
d e, d { (^^. i6), they would then become bevel gca. 
Tbr teeth at ibe point of the cone beiog fmall, aad of 
liltic ufe, nay be cut off; or, inAeail of the two cooes, inijr 
be ufed two Ihaiu, with bevel wheels fixed to tbem, as tbe 
Ihafiah ^^. i8), with ibe bevel wheel c d, which tumi 
tbe bevct wheel e f, with its (haft b g, and the tceih wed 

I fre^ iolo each other, as id figure i6. The ie«h may be 
le of any dimeujioiis, according to the lircngtfa teqttired, 
and by ihb means a motion may be commonicaxed in my 
dire^on, or to any pan of a building with r ery little 
trouble and fridion. 

Tbe method of conftru^ug the wheels for any propor- 
^n, is as follows :— Draw the line a b (fig. zi) to reprefem 
a fliaft of a wheel i draw the line e d to interfefl the Uoe a h, 
in tbe dire^oti that the motion b to be conveyed, and iIk 
line e d will reprefent the other (haft of the motion. 

Then fuppofe the (baft e d is to revolve three dmo fa 
the little that the (haft a b revolves once ; draw the pualld 
lioe i i at any diOance, from a foile (fuppofe one foot) ; then 
draw the other paralltl line k k at three feet diliaDce ; after 
which, draw the line w x through the interfe^ions of the 
two dia/is a b and e d, and likewife through the iiitcr(e<3ion! 
of the two i^raUcl lines i i and k k, in the points x y, which 
will be the pitch line of tljc uvo bevel wheels, or the lioei 
where the teeth of the two wheel? aft on each other, as may 
be feen in figure 19, where there arc three wheels. 

Where it is required to communicate a continued unilbnn 

r^motion, and where the angle does not exceed 40 dq 



and alfo where the equaiiiy of ihe motion U not regarded, 
the univerfal joint may be ufed (fig. 32) iiiftead of the bevel 
gecr. TIjis joint may be conflniAed bv a crofs, as Ihown 
in the figure; or with four pins faflened at right angles 
upon the circumference of a hoop, or folid balL This is 
of great ofc in fome machines, where the lumbling (hafts 
are continued to a great diftance from the moving power, 
3.% it is in cotton-mills. The Ihafcs, by applying this joint, 
may alfo be cut to any length, which is a great advantage 
where there is much refiftance. 



CHAP. XVI. 
OF ELECTRICITY. 



SECT. I. 

44k PRACTICAL PART OF ELECTHICITY. 



The earth, air, and all terrertrial bodies are fuppofed to 
contain a certain quantity of an elaftic fubtle fluid, called 
by philofophcrs, the tkarie fluid; and when any body pof- 
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irin tmn or tcfs of this fluid thaa mha natarally bckiags M^ 
ir, ftrrral cfTcfti arc viGble in it, and the bodj b Eud 10 be j 
fledrificd. 

This certaiu qmntity <vf dcdric fluid foniid in all boiaa 
could iicvcr be incr«afcd or dimi'iifhed, if all bodies admiaed 
tb« pallsge of ibis cleAric 6ukl through tbrir pom or along 
their furfcces; hnt there are maiiy bodies wbich will mk 
taSn thh fluid to psfs tbrongh them, while others ftnt^ 
perniit it. Thofe bodies ihrougb which tlie cledrie ftud 
csn pafs arc called cmJuatrs of eleflricily, of which the axrft 
perfcA arc mctab of all kinds. And ihoCe bodies thftNigh 
which tlie eleflric fluid cannot psfs arc called noB-easJiJitrt 
of elearicitj-, of wliich the rr.oft perfect aie gUk, rcfin, 
fealing-wax, fulphur, bees-wax, and baked wood, amoag 
folids; and oils and air, among fluid?. Sut all fubflauces 
become coaduflors when lliey are made very hot. Con- 
dnftiiig fubftaiices are alfo called mo-iltSrici, and uon-con- 
dufting fubdances are called eUar.ci. Into thefe two claflb 
all bodies are divided bjr ele^riciaus. 

When any body ha; acquired an addiiional qtiaattt/ of 
cleiSric matter, «nd ii fiirriuiiuled with oilier bodin ihnngb 
which the eleilric ffiiid cannot pafs, or non-condufiors, it nniEt 
remaui overloaded ; or if it have loft part of its natural Oiwc 
of cleftric mauer, ii muft remain cxhauffed ; bccaiife the 
bodies which furround it prevent any of the eledric flnid 
from entering or coining out of it, and the body is thea laid 
to be infulated. 

There are two principal theories of eleftridry» each of 
which has had in advocates. The one is, that of two 
diftinft elearie fiuids, repullive with rcfpeft to thcmfelTes 
and attraflivc of ooe anotlier, adopted by M. BWtay, on 
difcovering ibe two oppofite fpecies of eleflricity, viz. the 
vitreous and rt/nout, which is fincc new-modelled by Mr. 1 
Symmer, Upon this hypothecs thefe two fluids are equally I 
attrafled by all bodies, and exiO in intimate tmioo in ihdr I 
pores; and in tliis flate they (Iiow no mark of their enjffeoee. 
But 
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But tbc frii£lion of an e!e<flric body agnind a rubber ieparaies 
thefe fluids, and caufes the vitreous cle^ricity of ilii: rubber 
lo pafs to the eleftric, then to ilie prime cnnduftor of Ifac 
machine, while the refinous ele^ridty of ihe condudor and 
clcftric is commuaicated to the rubber: tlius the quality of 
the ele^ric fluid poiTefli-d by ihc conduflor and the rubber 
h cbatiged, wbilc the ijuaiitiiy remains the fame in each. 
In this feparaied ftate the two elei^ric fluids will exert their 
rrfpedive powers ; and any number of bodies chained with 
either of thelc nuy repel each other, atiraA thofe bodies 
that have lefs of each particular fluid thati themlelves, and 
be flill aitiarSed n:ore by bodies that are either only deflitute 
of it, or loaded wiih tiie contrary. 1 11 this theory the eleflric 
fpark mafces a double current ; one fluid pafiing to the elec- 
trified coiuluflor flam :iiiy fubflance prefcnted to it, whiic 
tbc lame quantity of the otiier fluid palTes from it ; and when 
-each body receives its natural quantity of both fluids, tlie 
balani:e of the two powers is refiored, -and both bodies are 
uueled rifled. 

The other theorj-, and that which is comtnonly received, 
is that diflinguiflied by the name of p^r kit and itegalivt^ elcc- 
trieiijr, fuggeftcd by Dr. Watfozi, and demonflrated by Dr. 
Franklin; iu which it is fuppolcd, tliat all bodies pollefj a 
certain (hare of one and the fame fluid, which is extremely 
fubtle and elaJlic, by which the particles of it are ilrungiy 
attrafled, as they are repelled by one another. When bodics- 
poflefs their nattiral fliare of ihit fluid, they are iaid to be 
in an unelcctrlfled Hate; but alien the equilibrium is de- 
firoyed, and they have an additional quantity fiin other 
bodies, or when they lofe parr of their natural Ihare by the 
communication ft other bodies, they then become elcflrified, 
at»d exhibit eleflrical appearances ; which are generally itie 
fame in both cafes. In the former c^fe they are faid to be 
eleiilriSed poQtively, or phi; and in tlie latter cafe oega- 
tirely, or ninvi. It \i alfo fuppofed, that ele^rics always 
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cootain aa equal quantity of tlii; fluid ; h that there can be 
no iDcreafc oa one lide withour a proporitonal decieale or 
lots on die other, and vice ver/a. And as the e'.eflric witl noC 
fiiffir the fluid to pafi through its pores, there wiH be *a 
accumulation i>n one fide, and a correfpondin^ deficiency on 
the other; then, connc^ng both fides togeiher by prapCT 
coiiduAon, the equilibrium will be reftored, by the rulbiar 
io of the redundant fluid trom the overcharged furface to tbe 
eihaufied one. Thus, if ai> ele^ric be nibbed by a coo- 
ducting Aibflance, the eleflricity is only conveyed from one 
Co the other, tbe one gi"'iiig what the other receives : and if 
one be eledrified pofirivelv, the oiher will be eiedrified 
negatively, unlefs the lofs be fuppjicil bv other bodies con- 
neSed with it, as in ihc cafe of the eleflric ar.d infulated 
rubber of a machine. Thus, bodies difFerently electrified 
iriU naturally attract each other, till they muniaily give and 
receive an equal quaniiiy of the elcftric fluid, aud iben tbe 
equilibrium between them will be rcftored. 

The nieihod of difiutbing the equilibrium of tbe eleftric 
fiuid in bodies, or of making it pafs from one to another, is 
chiefly friflion, or a (light rubbing of them one againft the 
other; when the electric fluid will generally leave the rougher 
furfece, and pfs upon the fmooiher ; or it leaves the |e*ff 
perfeft eleflric, and palTes to the more perfcfl one of tbe two. 
Tlius, if a fmoolh glafs tube f/n;. i, fiati- ao) be drawn 
through the hand, the effta of the friftion maltes the ele^ric 
fluid leave the hand and p.ifs to the glafs tube, which £t 
the more perfect eleflric of the tuo, where it will remun la 
addition to its natural quantity. For the eleftric fluid cannOC 
pollibiy leave the glafs, becaufe neither the glafs nor tbe fijr- 
rounding air are condut9ors of eleftricity ; but if a condu&n{ 
fubHance, as the finger, or a piece of metal, be prefentcd to 
any part of the glafs, the eleftric fluid will leave the gUft 
and pafs into them ; and if the finger, or metal, be prereiiKd 
to every part of the tube fucceflively, the whole of tbe re- 
dundant fluid will leave the tube, and it will retain on! 
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natural (liare. Here the glafs is faid to b^ (^riirJ, becaufc 
the fn^on feems to excite the eleflric poiter which was in 
the glafe. ' 

In the fame maimer the friction of the glafs gtobe againft 
the rubber in the elcftncai machine makt? ihe e,efltical 
fluid which «'as in the rubber pafs to tlie gfaf?, from wheutc 
it is conveyed to the prime conductor, the poidis of which 
are prefented to every part of the globe in fuccelTion, as it !s 
turned in ilie mpcliiiie; ahd as ihe friiflion is continued, 
there will be a cotitbinr fiipply of eleftric fluid to the j.irime 
conduftor {tliongh otlier bodies be prcfenied to it), and keep 
, difchargiiig all the while in vifible fparlts. The hand, in the * 
former of ihefe cafes, and the rubber, In the latrer, part 
with ilH-ir natural (Iiare of ele->ric fluid to'ihe gLfs agaiiift 
■which ibey are rubbed, but receive an immcdyate fupply 
from the conducing fubftancei to which they are connefled; 
and thefe are again luppiied by ihc general mafs of fluid ihat 
is in the eanh. 

Again, if a flick of fealing-wax, a piece of fulphur, or a 
tube of rough glafs, be drawn through the hand, tlie eieftric 
fluid belonging to them will pafs from them to tlie hand, 
and being furrounded by the air, which is a noii-cunduAor, 
they remain exiiaufled, and are ready to take fparlts of elcc- 
iric fire from any bodies prefented to them. The fulphur, 
fealing-wax, &.-C. in this cafe are laid to be excited, as well 
ss the glafs, wUich was overloaded with fluid, though the 
ftate they are in be the revetfc of one another. It is impof- 
fible to diftinguifh by the eye the courfe of the eleflric mat- 
ter, its velocity is io great. 

There are a variety of inventions for the conftruftion of 
the eleftrical machine, but the mod limple is that repre- 
fented in figure 2, wliich, by reafon of its (implicity, is not 
Ibbte to be put out of order, as it has neither ulieel nor 
'firing, though both might be attached thereto, if required. 
It may alfo be fixed firm on a able, and eaiily taken off: 
TOL.ti. !■ p the 
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the globe may alfo be taken out with tht greateft eaff, in 

order to be packed up. Thb machine is the Jime as thai 

ufed by Dr. Prieniey ; and wheel the inltttc of the globe ii 

p.^ned with his (.oinpolirion fallowing, it will produce tntire 

bfire than any of thofe in common ufc. 

•■ the bafc, which is a piece of mahogany about tiiiK 
j. inches fquare, and i{ thick, in which is lixed the pedeOal B, 
o fuppnrt the globe G, which is fixed in an iron axle C, lo 
Lwhicb is fiKe-ii 3 brnfa cap. The globe is liirned by tKi; 
Itandlc H running in the hrifs foektt E i R is the ruhber, 
Lliiade of wood, cut to the curve of the globe, and covered 
(.'with a leather covering, which is at a little difta nee from the 
^wood in the middle of the curve, that it may the better ykU 

the prelTure of the globe. 

Over this leather is an-jther leather, made lo take ofif by 
h'VKiving a pin. On this leather the amalgam is rubbed ; aod 
"■'''. ciCly taken off, it is more readily brought into order 
j^thnn thofe which are fixed to the rubber. To this leather 

1 fixed 3 piice of black filk, which extends hdlf round tl 

' ,Slobe, and greaily incrcales the fire ; fo that this [nachil|( 
ve fire well, if the robber fcarccly touch the g 
This trachine will alfo fuii any kind of condoftor. 

For thofe who do not choofc to have the rubber in fulal 
there is a fpring S j but the more curious may have the 
made with the rubber well infulated by a gUfj lullar d 
will hold the rubber to ihc back of the globe, asmt 

Dr. Priejllet/s CompofiHon for lining the Infidet 
Globes, or Cylinders. 
This comporition confifis of an equal quantity of linlMJ 
oil and relin, which k boiled over a gentle Sre for twq 
hours. When the globe or cylinder is to be lined, it maft 
be put into an oven, with a fnfficieiii quarjtity of tlie coip* 
pofition broken and put into the infidej and when it a 
melted, the globe is turned round every way, ip order to 



^iread it all o 



equally. 






Inftead of the above tompofition, foms life a mixture 
made of fonr pans of Venice tiirpenrine, one p.in of refin, 
ant! o!ie of bees-wax; which is prepared and ufed in itie 
fame manner as the fom'.er. 

There are alfo other melhods for making amalgam ; as, 
1. Uy four pans of fpelter and fix pares of mercuf)- ; 2. 
alfo bj" adding fix ounces of qiiick/ilverio one pound of 
molten tin, which, when cold and reduced into powiler, is to 
be mixed with feveii minces of fulphur, and (ix ounces of 
iai ammoniac: the whole is fublimaied iu a mattrafs. 

The prts of the machine which are infiilated fliould be 
vamiflied over with a varnifli made of highly reffificd fpiriti 
of wine and fealiiig-wax ; as alfo the glafs pillars, in order 
lo keep off the moiliiire they Would imbibe from the damp 



It in neccfljry for the young praftitioner to attend to the 
following rules in the performing of hie experiments, as ii 
will often happen, that thoogh lie be in pofTeffion of very 
fiod inftrument!, yet, throagh fome inadvenencies, his 
etprriments will not fiKrceed according to his cxpeflation, 
for limit of a fiiflictent praflite in the art. 

I. The eleflrical machine, coaled jars, and every part of 
the eieAric apparatus, lliuuld be kept clean, and free from 
duft and moifture. 

s> In clear weather, when the air is dry, and particularly 
in frofty weather, the mjchtne will always work well : but 
in hot weather, and damp weather (except it be brought in 
a warm room, and the ap|)aratu< made thoroughly dry)^ it 
will not work fo well. 

J. The cylinder fiioutd always be wiped tlean with a foft 
ilry linen cloth that is warm, and then wilh a clean hot 
fliinncl, bcFbre the machine be iifeJ ; then applying a little 
amalgmn, turn the winch of the machine, and the elc^ric 
fluid will come like a wind from the cyiiadertoiheAnuckle, 
I and fnmefparksanderackingwillfooii fftilow. This indicates 
_ Jhat the machine 'is in good order. But if thefe appearances 
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be noi prottuced, there is a fault, winch is geiienllj- in ihc 
inbber i Eo remedy which, remove the rubber frain the glals 
inliar, and ilry ihe fi:k part before the fite, ihen greale the 
leather with a bii of tallow or muittin jjeL 
4. When the tabic on whith [he machine ftaods, and to 
which the chain of ihe rubber is conoefled, is very dry, it is 
m bad coadudor, and Hinders the oj^eration of the machine. 
The floor, and walls of the room alfo, in very dry wcJtfacr 
bave the faiT.e effcti on tlic machine. In !!u» cafe tbe chaJa 
0f the rubber Uiouid becoiinefted by a long wire, wiibjixne 
moift grounii, or with ihe iron-work of a water-pump; by 
which means the rubber will be fupplied with a fuflicJeal 
quantiry of clcflric fluid. 
*' J. If there be too much amalgam upon the leacbcr of the 
rub!ier, the machine will not worJt well until a little he 
fcraped off. 
6. If the giobe or cylinder coiitrad any black fpots, as is 
often the cafe, tlicy flioulU always be wiped off. 
7. In charging eleftric jars, they (hoold be made a little 
warm before they are ufed, and they will produce a gnairr 
effeft. 

8. When 3 large battery is to be difcharged, never 4|^| 
charge it thiuugh i) good conduftor, except the circuit b)^^| 
leaft five feet long, otberwifc fo[i:e of the Jars would 1^ 
found broken. 

Tojhow the EffeQsofeleSlncaJAttTaBitinandHepulfiim, 
Sutpend a plate of melal F {fig. i) from the condu^hx, 
which is fupported by two glafs pillars, and fupplied with 
eleftriciiy from the globe ; and at the diftance pf three or 
four inches below this, put another pbte i' of the lame Gie j 
upon the boitom plate lay a feather, or fnall Hips of pit per: 
and when the machine is fet in motion, the feather ot% 
papers wiU be atiiaaed to' the up|)cr pbie F, from ■ 
they will be immediately repelled, and will fly to diCcb^ 





tln-mfclv" UpQil the lower filate P, whicll is fupporied on 
the ^jcHelhl GHj after whii.li they will be aitraaed and 
repced again as twlorc, and fly /rum one plale lo tiie other 
with great rapidiiy, if the tieflrifii-ation be flrong, Ii is 
ufual to cut the pieces of paper into ihe figures of mea and 
tvomen, vhtn ihcy enhibic d kind of dance, which ^Ifordt 
ibme entertaii'iiiciiE to ilie beholders. 

The eleflrical beils ;trt; often ufed in couccrt with thp 
pbove experiment, aiid dtpend on ihe fame principle. Tbefc 
are four bclU a, b, c, d, which hang from the ends of tH'O 
brafa rods (fig. ;1, cammunicBiing with the prime tonduflor, 
snd whh anothc:r bell £, fixed on a pcdeflal A, reaching to 
the ground. Between the /our bpUa hang four brafs balls, 
fufpeiidcd by Clken ftrings; cjcb of theft balls hang^ between 
the centre bell e and one of the ODteroioft belis. The outer- 
tnoft bvh; being conuidcJ utih the prime condnftor by 
brafs dia(n$, are ele^nf.ird, and a:iraA the brafs baiU which 
hang between them and the centre bell ; and the attrad>ioa 
being Drong. each bail ftrikes its outer bell with fotne vio- 
lence, and makes it ring: beijig then loaded with eledricjiy, 
it \% irrmnjiately repelled, and flics to unload jifelf by ftri- 
kjng iipoq the centre bell, which is infuUied by the glafs 
pili.ir B upon Che peJeital A, and from which pillar tlic 
elciftric matter palTes to the floor, by means of the brafs 
pedefbl A. "J'he balls are tlion again atlraded by the oiitir- 
mol^ Sells, as before ; and thus the ringing may be con- 
tinued as long as DeceOary. 

When a pctfou is 10 b-. deftrifjed, and Hands upon a ftool 
with glafs feet, or baked wood C/fj. 7), having the chain 
in bis hand, faflened to tiie prime condu<5lor, he is then faid 
to be iiifiilated, and may be confidercd as part of the prime 
conduftor: for every part of his body will exhibit the fame 
apptarance as ihc prime conduftor. For if the finger of 
ani perfon, Handing upon the fioor, be piefcnied to him, a 
ipark of fire will be feen to ilTue from iiiiii, and both he and 
Jhe perfon who receives it will teel a painful (enfaiion ; and 
a fnappinf^ 
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a fnappiiig noife will be heard. Every part of his body w i/l 
then aliraft all light fubfisiiccs, as feathers, bits of paper, 
&c. : the haii-s of his head alfo, or of his wig, if they happen 
to be I00&, will re(«l each other, and iTiany of then) flznd 
upright. 

Pointed bodies have a remarkable property in eleflrldtj- j 
for the more acutely pointed any body is, ihe more eafily 
does it lake, or pan wiih, eleflric maitcr. Thus, if a needle, 
or lliarp -pointed ivire, be fafiened to the prime condiidor, it 
will retain' but a fmali degree of eleflricily, atid coufi^ucnily 
will give bur a fm^ll fpark when the finger or a piece of meal 
is prcfentcd to it. Again, if the needle or wire be beld In 
a perfon's hand Ihndiiig upon the floor, and ptefemed lotbe 
conduftor, ii will be found to receive But a fniall degree of 
eleftricity. In the former cafe, the needle bring in contad 
with the prime condviftor, the elcflrk fluid goes ofF at^fie 
point, and is difperfed in the air. In the latter cafe, the 
needle being prcfcnted towards the conduflor, receives the 
eleflric fluid from it at a confiderable dillance. 

If the Jliarp- pointed wire be giving out ihc ele^rfc fluirf, 
the flame will be larger (for a fiame will be fecn at the 
point of the needie or wire, if the eiperimeiii be raadc in 
the dark), the parts of which it confifts will be fewer, and a 
fn&pping noife will be heard, if the point be not very acute; ' 
whereas, if the pointed wire be receiving the eleftrJc fluid^/j 
the flame will be much fmailer and more globular; tte'n 
parts of which it confiltf will be more in number, andiolt^Kt 
of the fnapping noife there will be a kind of hifling. The 
flame ilTning from a body is called a pencil, on account of 
its oblong (hape; and when the rays come to a pdAt, ibey 
projefl more equaliy from the centre ; and it is then allied a 
Itar. 

As pointed bodies tranfmit the elcftric fluid with fo mucb 

eafe, it affords an opportunity of proving the identity of 

lightning and the electric fluid ; for if a loiii; rod or pole^ 

hning a fliarp-poiTited wire at the end of it, befupported bf-g 
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deiiric fubflances, ilie poiiii projeifling towards the cloud?, 
will draw ilie elefl/k tnalter from ihem, anii beccfme fenfibly 
charged with eleitricily, as if it had been coiiiieded *ith the 
prime conduftorof an eleifirical machine. Ii will attraft ill 
light bodies, and fparks of eleflric matter may be drawn 
from it; and in fliort, it will exhibit every appearance 
of common electricity j and on the other hand, by common 
■ eleiSricity i»ay be produced, in miniaiure, ail the kDOwn 
cffe^s of lightning. 

, Thi'! difcovery was effeaed by Dr. Franklin, by ralGiig a 
kite, called the ilt^iicai tiie; and formed of 3 large' thin 
(ilk handkerchief, extended and tiflened at ihe four cornen 
to two flendcr firips of cedar, and accommodated with a 
tail, loop, and firing, fo ^s to rife in the air like a common 
paper kite. To tlie top of the upright flick of the crofs 
was fixed a fharp-pointed wire, extending a foot upwards, 
above the wood; and to that end of ihe t«'inewliich is nent 
lo the hand, wa; tleJ a lilk riband. At the jnnftion of the 
twine and (ilk wa^ fufpfnded a key, from which, when the 
kite is raifed during a thunder-florm, a pliiai may be charged 
aiid cleflric fire tollefled, as by means of an ei&itrical tna- 
cbinc. From which it aj^ars, that points have a remarkable 
property, both of throwing off, and receiving the eleflric fluid; 
from whence has rifcn that ufcful invention of applying me- 
tallic conduflors to hoitfcs or buildings, in order to preferve 
ihem from the dreadful efTe^s of lightning, a; will be here- 
after ftiowu. 
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ELECTRICAL EXPERIMENTS. 



I. TUf Ek^ricil Star. — Cut a piece of lin in the form of 

I ftar, iind let it be fupporied on its centre by a wire pro- 

'"jefling from the prime tomliifVor; iJicfi, aj f(«jo as tbc 

, macliine is fet In mmion, and the flar eled^rilied, a flame will 

I appear at the cxireinTty nf every puiiit of rhc Sir. wWn-h h-IU 

rhave a beautiful appearance, if the experiment be niadeiii tite 

^iiark. And if the flar be made to turn fwiltly on ilt centre, 

in entire circle of fire will be feen. This experiment may be 

' rendered more diveriliig, if the operat.ir" now and tiieti touch 

jrime condiiiHor H'ith his finger, or a piece of metal; for 

by thefe means lie will make it difappear, and appear agaio 

It pleafure ; for in every experiment, if the prime conduct 

[ Ik loucheil, the effei^l of the experiment will be ftof^ped. 

j^nd if, inOcad of the ftar, two file rp. pointed 'JciresbEHfeii, 

. .with the four ends at right angles, and in tbc iame plane^ 

?-but prtinted different ways, and turning up^n a cemre, when 

t It is eleflrified, a flame will be feeii at each of the poii.ts; 

i__iuid what is more furprifing, is, that ibe wires will begin to 

I round of themfelves, and i-i the direflion nppofite to 

that to which the points are turned ; and if the etedrificatioii 

be continued, the motion will become more rapid. It is by 

this experiment that what is called the eiefhic harje-race a 

performed; which is done by cutting the figures of horfei 

in paper, and fefiening [hem fo that the points of die 

wires may be in their tails ; by which they will fceni to 

purfue one another, thougli without a poflibility of any 

one overtaking another. 
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1. Tit liitnciitg Balls. — Prcfeitt ilie point oi a wire, which 
u 6xtA oa tlie prime cunductnr, to the inGde furface of 3 
giafs tumbler, grafping it on the outfi Je with the hands. The 
glafs thfii will (bnn become charged with eleflric matter; its 
inlide rurfacc acquiring the eleftriciry from the point of the 
wire, and its outlide furlace loling its natural quantity of 
eleftric fluid through the hands, and which, in tliis cafe, ferves 
as a coating to the glafs. Tiien put a fctv pith balls upon 
the table, and cover iheiti with this glaf^ tumbler, and they 
will imm«di»iely jump up by the fides of ihe glafs (fig. 9), 
and coniiniie in motion for fonic time, being altrafled, and 
repelled, by the eleflric fluid upon ihe furface of the glafs, 
which they gradually coaducl to the table, the outfide of ihc 
glafs acquiring iheele^ric fluid from the furrounding air. 

3. Elt^iia hecomt Cm<iu£leri nuhtn made her. — Tie ihe filt 
firing G (fig. 10) to a crooked glafs tube A E F B, by which 
it may be held; fill the middle part 01 tl)is tube E F with 
refin, fcallng-wait, or any other eleclric fubftauee ; then fix 
the t«o wires A E, B F, in the fcaling-wax, Hcc. Hold the 
tube over a clear lire 10 melt ihe refin or fcaling-wax within 
it J at the fame lime conneifting one of the wires A or B wilh 
the outlide of a charged jar, and loocliing the other wire 
with the knob of the jar. Then endeavour to make the 
difehargeihrougb the refin, wax, &c. and it will be obferved, 
that while the refin is cold, no (hock can be tranfmitiej 
through it, but as ii melts it bcconKs a conductor j and when 
perfeftly melted, the (liocks [jafs through it freely : by 
which it may be fein, that glafs and other eleSrica become 
conduflors, when ihcy are made very hot, 

4. The Thu«<ier Himje. — A (fig. 11) reprcftnts the fide of 
a houfe, being a bojrd about three quarters of an inch thick. 
This is fined perpendicularly upon ihe bottom board B, 
.apon which is alfo fixed, in a hole in the fame Tjoard, the 
glafs pillarC D, abourtight inches diftant frOm ihe board A. 
In the board A U a fniall fquare hole I L M K, about x 
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quirWr fif an inch deep, and an inch witle, whichw filied by 
anotlier fin ill board nearly of the fame dimenlioni i and made 
to fit eafy in the hole, fo that it may drop out by any fudtlcn 
(hock. Tiiis fmall piece nf wood reprefents a fliiittw, or 
door, in the fide of the honfe A ; L K, is a wire /aAened 
diagonally to thk piece of wood, I H is another wire of the 
famt thickncfs, hsving a brati ball H fcrewed on r* upper 
point ; M N is another wire, tamed into a ring at O. Thefe 
rtirec wires are all fixed to the board A. From the upper 
Mtremity of the glafs pillar C D proceeds a crooked wire, 
Ji.iv'mga fpringfutket V, through which is a dnuble-knobbeil 
« ire ; the lower kimb G falls juft above the knob H of the 
conduaor. The gbfs pillar D C mull be fixed in the boarti 
loofe, fo that it may be eafiiv moved round ; by which the 
biafs ball G may be brought nearer or further from tbe ball 
H, without touching the part E F G with ihe hand. Now, 
wlicn the fquare piece of wood M L I K is fixed in tbe bole^ 
fo that the wire L K may (land in the dotted line'I M, then 
the metallic coni muni cat ion from H to O is complete ; and 
the inOmment exhibits a houfe fiirnifhed with a proper me- 
- tallic coro'urtor : but if the fquare piece of wood be fo fixed. 
that the wire L K ffands as rqircfented in the figure, then the 
metallic conduifhjr H O, which goes from Ihe top of the 
houfe to the bottom, is interrupted ai I M ; in which cafe 
the houfe is not properly fecurwl. Then let the ball G be 
about half an inch in perpend iciilar diftauce from the ball H j 
and by turning ihc glafs pillar D C, the former ball will be 
removed from the latter; then by a u'irc or chain conneft 
the wire E F with the wire Q^ of the jar P, and let another 
wire or chain, fattened to the hook O, touch the otit&le cnat- 
ingof ihcjar P. Let the wire QJjeconnefled with the prime 
coiiduftor of the machine, and charge the jar; then by turn- 
ing the glafs pillar D C, bring the ball G gradually near tbe 
ballH, and when they approach fuflicientiy near one anoriier, 
the jar will explode, and the piece of wood M L I K will be 
puftied out of the hole to a conliderablc difi.ince. In ihtt 
cxpcrimetii. 




experimeiit, the ball G reprefenls a thunder- cloud, which 
being arrived fufficicntly near the top of the Iwufe A, the 
elei^riciiy flrikes it ; and as the houfe is uni (ecured wi<b a 
proper conducaor, the explofion will bje.ik pai'l o/ it, by 
knocking out the piece of woe 

Again, let the piece of wood I M be fo fintaled that the 
e L K may flaiid id the direi9ion 1 Mj in this cafe, ihe 
conduiSlor H O is not difconiinucd ; and repcatinj; the expc- 
; before, it will be ten, that ilie cxplolion will have 
no effeift upon the houfe, as the piece of wood ,L M will 
remain in the hole unmoved ; which Jhows the u&Titliicfs of 
a metallic coriiiuflor. The inlfrumcjit iifed in iliis cxperi- 
meoi is called the thunder- lioufe, as it (liows the cffeift 
thunder has upon a houfe, both fecnred and unfecured. 

i;, T/ie eUHrical Bairery — is the moft fomiid;ible and en- 
tertaining part of eleiftricity ; and is formed of a number of 
glafs-coated jars ccnnefied together, fo that their whole 
force may be united. And if a battery of no great power 
is required, as containing about eight or nine fquare feet of 
coated glals, common pint or half-pint phials will anfwer 
the purpofe very well; but when a large baimy is required, 
it is necellary to have cylindrical glaft jars, of about, fifteen 
inches high, and four or live inches in diameter. 

The bed method of coating thefe jars, is to coat them 
with tin foil on both (ides, which may be fixed upon the 
glalswith pafle, madeof wheat tlDUr; but in coating the inlide 
of phials or jars, whofe mouths are not large enough to a:imit 
the tin foil, brafs filings are ufed, mixed with giim-water or 
beci-wax, &c. And the coatings (h'juld not come within 
two inches of the moinh of the jdr, otherwife the jar may 
difcharge of iifelf. Some kind of glafs is not capable of _ 
holding any charge : the jar:> or phials fliould tlicrsfore be \ 
uamined, before any experiment be jwrformed. 

A very good battery may lie formed of twelve jars, coated 

on both fides with tin foil, coiitair.iug in the whoi'^alxiut 

twelve fquarc ieei of coatal gkfs, In the niiddle of each 

a a a jar 



jar is a cork thai fuflains a *ire, which at the top is faftenri 
to the vfire E.. which U knobbed at each end (/ff. 13), ami 
which connefts the iiiCde coating's of ihrec jars ; and by foit 
fuch wires the infide coatings of all the jars are comiefltd 
to^jether. Each of the n'ire^ F ha^ a ring at one end, 
through which one of ihe wii-es E palTej ; and the other end 
has a brafs knob, rcfling on the next wire E. If ihe wholt 
force of the bacen be not required, one, two, or three rovi 
of jars may be ufed at piejfure 1 he wooden box ttai 
coniains thefe jars is lined at the bottom with tin (oil. [r 
has a hole fn one fide, ihroiigh which an iron hook paBes, 
communicating with the metallic lining, and confequently 
with the oiitfide coating of the jars ; 10 this hook is feftened 
a wire, ihe other end of which is conneded with the dif- 
charfj '■; od. 

The tiifcharging rod confifts of two curved wires, B B 
(fig. ^) which move by a joint C, fixed la the brafs cap of 
the ir.ifs handle A. The wire;, jre pointed at the ends, on 
whiih points are fcrewed the two knobs D D, fa that it may 
be nfed either with the points or knobs. When a iarje 
battery is required, it is better to ufe two, thiwv or nwit 
fmall batteries, and their force may be united by a wire or 
chain : but the beft method of uniting their forcc^ is to h»»e 
a wire from every jar, connefted at the lop with a ball, in 
the form of a wire bird-cage. 

The force of eleftriciiy, thus accumulated bv (evcrtljirs 
or batteries, is ailonifliing, Metals, which reftfl the greaieft 
cffeft of chemical fire, are infhmtly made red hot, and melted. 
But in performing experiments of this kind, the nperator 
fliould be careful that no perfon touches, or even conies too 
near, any pan of the apparatus; mlierwife it may piinJuce 
ferious conftq'jen'-es. And it is to he obferved, in charging 
a battery, a fmall condui^or is more proper than a large one, 
as the diffipbuim of the cleflricily i^ not io great. 

6. Tie onimaieJ Sfiitltr, — The experiment called aniuutiag 
the fpider by eleftricity, is performed by fufpending a 
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of cork B (fig. 14) by a filk iliread \ in tlie cork a /cw (boit 
threads are drawn, to reprefeiit its legs, I[ b lo be hung ia 
the midway, b«*e<fi the knob E of the wire D E, which is 
cuuneaed with the jar A D, and ihe kQol> A : then (he jar 
being charged, by conncfting its knob A with ihe priine 
conduiftor, the fpider will be airmclcd by the knob A, aiid 
then repelled by it to the knob E, where it difcharges its 
electricity ; and is ihen agaia atlrafled by tlie knob A, and 
again repelled lo the knob E ; aud will continue this mmbn 
till it has completely diicharged the jar. 

7. To ifflrefcm a«y luminous Figutes. — The fpirai lube h. 
cornpofed of two glafs tubes C D (fig. 18), one within tlic 
Cither, the ends being clofed with two brafi caps A and B. 
On the ouifide of the iniiernioft iiibe is fiiick a fpiral tow of 
fmall round pkces of tin foil, abiut a twdfth of an iucJi 
diflant from each other; then holding it by one end, ami 
prefcuting i^e other end to the prime conductor, fmili fparks 
will appear between all the pieces of tin toil, and in the dark 
it will have the appearance of a fpiraj line of fire. If, iiiDead 
of Ihe fpirai tube, the tin foil be fiuck upon a flat pl.iie of 
glafs A B C D (fig. 19), it may br fo formed as 10 npiefcul 
any othtr ligures, leticn;, flowers, Uc, 

8. To p'B^ that EUarUily piffcn a jhurt Pogage l^-ea-i 
lie yIi! 10 a tang imc tliiougi goqd Ceiuiiia>is. — A B D (^g. 16J 
is a wire about ten feet 'long, al the ends of which is fi.vad 
a piece of glafs G, to keep tiie ends A li at a proper dif- 
lance, and to let them Hide within -half an inch of e»cb 
other, if required; then connecl liie chaii.s belon^ng lo >1k 
Hiding wircii with the hook of tlie battery, aiul ilie difcbarg- 
ing rod, and fetid the charge of the battery through tJiem. 
On making the explofion, a fpark will he fee n between A 
and 6 i which proves that the eleciric lluid choofes a Ihurt 
pallage ihruugti the air, rather than 3 long one through good 
conductors; for very little of the cicciric fluid will pafs 
through the bent wire A D U. 

0. The 
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9. Tke e'e^iK SfMri/uuUi Cay.— SoU I 

pipe cJa; in ibe form of a JabU cylinder, znd in tbc tvo ends 
tolm Iwo wim A and B [fig. 23), fo ibat their end* wiiliui 
tbc clay maj be wiibin a fifd) (art of an tuch of eacli ubn. 
Tbri) if a Ihock be lent through ths ciay, b. oKinccliag one 
of the wires with the outfidc of a cQarged jar, and the other 
wire trilh the infide, it wilt be infhrcd by the fpaik that 
pafl« bctweeo the two wires, as teprefeiitcd in figure «}. 
If rbc (bock be too flrong, and the day not very moifl, it 
wiil be broken by tbeexplonon, and iis fragments fcattend 
ia every dircflion ; a» may be proved by ufing a piece of 
the tube of a tobacco-pipe inflead of the clay. 

10. The tkfhic Speak vifi&U in Waler. — Iminerie two 
kdoblied wires A and B (Ji^. 1 7), in a gUfs of water, So ibat 
the Itnobs of the wires may be within a little ditlance of 
each oiher. Then, if one of tbefe wires be comie&ed with 
■he ouiGde coaling of a jar, and the o^her wire be loodied 
with the knob of it, the explofion in pafling throagb the 
water, from the knob of one wire to that of the cibcr, wiH 
break ihc glafs with a furprifing violence. Great caution b 
neceffiry in performing this experiment, as it ii rometiiDes 
attended with danger. If, inlkad of a drink ing-gliis, & 
glafi lube be ufed, (lopped with a cork at each eod, ihrough 
which the wires are iiifened, .and the charge be very weik, 
the eleilric fpark wiil appear in' the water paffing bctvreen 
the wires. 

11. Thicltfi'kalThcriif>mtier.—\^ (fi^. 24) ij the elec- 
trical thermometer, and conlifti of a glafs luhe about ten 
inches long, and nearly t«o inches in diameter, and ck>fcd 
air-iiglit at both ends by two brafs caps. H A is a fimU 
tube, open at both end;, palling ihrough a hole in the uppsr 
cap, and irtimerfed 3.1 ihe botrom in tome waier at H, tn tbe 
bottom of the large lube, F G and E I are two wires in- 
feried through the middle of each of the brafs ctps, and 
having a brafs knob at the head of each, wJtiiin tbe brafs 

tube. 
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(iibe. This inftrumenl is fifteneti to the piilar CD, by a 
brafs ring C. When the air wiihin ihc lube A B is rarefied, 
it will prefs upon ihe water at the bottom of the tube, and 
fo caufc it to rife in the fmail tube; and the rife and ^11 
of the water fiiow the rarefaflioii of the air in the glafs 
tube AB, which lias no commuiiicatiou wiih the external 



If the knobs G I of the two wires be brought into con- 
a& with each other, and the ring E or F be eonncfted with 
one fide of the charged Jar, and the other ring with the 
other fide, and a (hock be made to pafs through the wires, 
ihe water in the fmall tube will not be at all moved; which 
(liow? that the paflage of the eleflric fluid, through con- 
duflors fulfictently large, occaGotis no rartfaii^ion of the 
air. But if the knobs G 1 be placed a little diftani from 
each other, and the Ihock fent through the wires as before, 
the fpark between the two knnbb will conliclersbly rarefy the 
air, and the water wilt be fuddenly forced up the fmall tube 
quite to the top. 

12. TijSnw lit Cout/c sfikt tUarlc Fluid in tie Difihrge 
/a 7ar, en J la mnh it vifihh by the Slat en J Peucll.~t'oT 
this purpofe, the jar muft be charged; then taking the dif- 
charging rod (fig. 4) without its knobs, prefent one point 
within sn inch of the knob A (fig. 1 ;), and the oilier point 
at an equal dillancc from the ouilide coaling of the jar. 
By thefe means the jar will be difcharged filently ; and if its 
inlide be eleftrified pofitively, the point C of the difcharging 
rod will be illuminated with a ftar, becaufe it receives the 
eleftric fluid ; and the point B with a pencil, becaufe it gives 
out the cleftric fluid to the oulfide of the jar ; and if the jar 
be eleftrified negarively on the inlide, the pencil will appear 
upon the point C, and the (tar upon the point B. 

13. The univc'fal Di/charger. — Thls is an inftrument of 
very cxtenfive ufe, and is compofed of the following parts ; 
A i» a 6at board, about &fteen iuches long, four broad, and 
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B arv ttn ghk pittns, 

Ai [he [D^ oi neb is a bs^ c 
S X MnAapjawtf »m1 a ^wioe tsbe, thro*^ wtudi 
eC D. Tbei. tacb mt tfaric wires bu tno 
1 horizentai md vertiioU ooe; each 
ii »Hb famiflied wttb U) open risg at ooc end C, uid a 
& ball ai the otitcr end D, uhkL t»Ii mzr be nkea offK 
a Hmng cimiUT piece ot wood fire incfaa in 
', on die fttttace t>i wbidi B a flip of ivocyj aod 
Airoiflied orrtb a firong o liodiicai foot, vhkb Gts (fae ibcket, 
and «)ucb, br mcuis of ibe forw G, may be nnde bll, 
d alfo railed higher, ur brougfat lion-n lower. 

e L^Jcm fiud \i an inQnunmi to prove ibr i^pvtbefit 
F 3 fingic cleciric fluLJ, rad is forToed in coatiii^ a fmall 
ptiUI about three inches up the ouifide with tia foil (fig. ao). 
• To thr lop of ihe neck a brafi cap u ccmcDtcdy bmag ■ 
bule urilii a vsUe ; fiom ihts cap pfocndi a wiic^ being 
bhinted si ibc {'oinE, and icnninatiog a iem incbcs wiihia 
ihe phial. When ihe phial js enhaufied of air, a glaft ballii 
Jcrewrd on the brafi cap^ to prevent'any air from gruing into 
the pbial. This phial Ciows tlie direiiion of ibe ctf^iic 
fluid, boih i[i charging and difcbarging; for if it be held 
by its boiiom wiili the brali knob prdcnted lo tike araat. 
condudor, which is pofiiively charged, rhe elciSnc 
will caufe the pencil of raji to proceed frum tlic wire « 
the phial, as in figure 21; but if it be difcltarged, a (hu- «9 
appear inllead of the pencil, as 111 iigure no. But if the wire 
be held by (he btxCi cap, and its bottom be touched by the 
prime conduSor, the point of the wire ou it& Ude will appear 
illuminated with a Oar when charging, and wtib a pencil 
when difcbai^ng. , If it be prefenlcd to the prime condu^or, 
elcclrifit-d negatively, all thefe appearances, both in ciiafgii^ 
and difciiarging, will be reverfcd. 

Infl^unmablc air, that will take fire by the eleAnc fpark, 

: A D (Jig. aj) rcprefent two bottles; to Ihe 

boulc 






!. thus tnade : 
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bottle Dare put two or three ounces of filings of iron, and 
(bme oil of viiriot, mixed with four times iis quantity of 
water. The bottle A is filled with «ater, and the bent glnf: 
pij>e C is fixed with one end, air-tight, into the neck of the 
boitle D, and the other end a little way up the reck of the 
bottle A; in a than time the mixture will bol), and emit a 
fluid, which will pafs through the tube C, iiirn the bottle A, 
and at leiigtii fi'l ii, expelling (he water into the bafiii B. 
The bottle A is then to be quickly corked up for ufe. 

The elelltical plfiol is repreienled fi^. 26, where c a is 
of thin brafs ; to the muuih a b is fi,ited a cork, and a 
perforated piece of brafs d fcrews on the bottom of the 
piilol ill c, having a glafs tube, with a wire cemented into it, 
bent over tlie glals tube, fo as to reach withiri one eighth of 
an inch of ihc brafs. When the piftol is to be charged, 
uncork the inflammable air bottle before tfienlioned.likewife 
the piiiol, and place the mouth of the piftol upon the lop of 
the bottle 1 and the common air which is within the piflol 
will dcfcend while the other afecnJs. Having held the paftol 
iti this fituation a few feronUs, in order to fill it with in- 
flammable air, cork both it and the hotlle expeditioufly, and 
it is then charged. When it is to be difcharged, fill a fmall 
jar, or a hollow handle, and apply it to the knob of the wire 
e\ it will then explode, and drive out the corit to a confi- 
derable diflance, will) a report as loud as thai nf a piftol 
filled with gunpowder. 

Figure a6 rtprefents ao iuflrument to cure the -toot h-ach, 
ill which A is a flat piece of box wood, about' an inch broad, 
and a quarter of an inch thick. Near its oppofite edges are 
made two longittidinal holes, through which arc pvit two 
brafs wires, a b c and d e f, and fixed in with fealing-wax, 
and then bent at c and f, as in the figure, which two points 
ferve to receive the moth and gum between lllem. When 
the inftrument is ufcd, liook two chains, g and h, on the 
lower end of the wires, holdiEg the tooth and gum brtween 
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dKV-iemit otTtewiracaad J: p« the en^offl^c 
g naiad dx booDai ot Ac de&ric ^, aoicl In > ^tofu ti 
ihc ciiiia h baa^jig dovn bncn his band, barb 1 
r of th« Bbl^ and aoc RMctdag cadt other. 
P'^vin^ chnjed ihc jtr* kt liie faxlixi wtn helda Ae t 

€ end of it apm& tbt prinae conAoStor : tbb «fll^ 

e ttic pi, aad ^re ibc ptfimi s &ocfc •mis ta Us 

d gBBi,wlikbfi:Uo(B&nsiecaretlie toalb-acfc,if tte 

ca cofcL 

itSnmt t t r n an tnfinOTimi n fiiov liK kimt aod 

o' ctKuiciiT, of which li-ert are fcrfral fbm { 

i fimpjc is dot which coofifb at a liiiat tfam^ 

gafnaSoariEorpitb-faaUalexhnM] 0%- >))■ TU| 

r i» Jnfpeoded hj ibe middle of die domd oa 

yc a nda ft wpropcf far d»e pofpole. At^ if the cocuhiAir 

e AmrffA pofitiveht, by applruij a fHck i^ fealu^-wax, 

I, ihc baUi nrflapfe logetber; and br applyuig aa 

ndied finouth gbfi tnlie, they wiU recede &rtbcr aitindo-; 

and H 'nc ciT-r-duSor be charged negUiTely, the reverie rfl 

take p^ace. 

iJm the riK^ fr:rfcA of ibefe inftniments b that called (he 
quariram ck^trotnett-r, which Ihovt the exad degree to 
which any bo<iy h ckflrifieJ, and ii as follows: — A ua fine 
rod, that tara-. on 3, ihe cwme of a fetricirde (_fig. 17), (b 
asala^^s to keep near in graduated li.nb, which ii djxided 
'odegtfes. At the eitd of the rmJ is? corit ball C 
The piliar D may he fined either to the prime condiiclor, or 
to the brafs knob 01 a jar or battery, or be fct on a Aaod 
by itTelf. The infinutieol Oiould be made of Imi.x M-ood, 
and the femicircle of ivory. 

When tl.is iiiftntirent begins to be elefltified, the rod A 
ii repelle I by the pillar D, and coute^ueiitlv begins to 
move over the etige of the femicircle, and fhows rerr exafiljr 
ibe degree to which the conduttor is eleftrified, or bow higb 
any jar or battery h charged. Thb inftninneill i 
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always be made very dry before the fire, when it ii ufed, 
taking care that it be not heated. 

If ibe jar or battery be charged with politive cleflricity, 
and it be required to know the exa<^ time that it becomes 
difcharged, while you are attempting to charge it negatively, 
obferve the momeni the index comes to the perpendicular 
fladoH, and at that moment there will not be the leaft fpark 
left in the Jar. If the operation be continued, the index 
will again advance along the femicircle; and thus fliow the 
exad quantity of negative cledlricity which the jar has 
acquired. 



SECT. HI. 



OP MEOtCAL ELECTRICirr, 



Electricity was no footier brought (o any degree of 
perfedion, than it was applied to medical purpofes. For by 
late obfervations, it has been found to polTels the invariable 
properties of increafing the fenfible perfpiratioti, quickening 
the circulation of the blnod, Rnd promoting all the glandular 
fecrerions. And among all the variety of cafes in which it 
lias been ufed, there are none in which it has been found 
[irejutiiciTtl, except thofe of pregnancy, and venereal difeafe; 
and ihcrearea number of cafes, in which it has been applied 
with confiderable fuccefs. In moft diforders where it has 
been ufed with perfeverance, it has given at lead a tempo- 
nry attd partial relief; and in fome cafes it has effeded a 
total cure. Of which, numerous inltancn may be feen in 
K B 3 the 
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TmltSiomi, and ibe vruin^ of yteSn. 
■tX, Fcrprfoa, WtUej, Caratio, Ice. Ire 
T« know trba ca&s sre profter to be ekdn&d, e«pc- 
iC^tcc tttotn in g e n eral , ifaai xll kmds of ofaAntftians, 
wtacilKr of moboe, of ciirvlaikm. or fccTtOoo, are very 
oftnt removed, and ia gcnml alienaeed, bv cIcJbiJET. 
Liknrife, ncnroDi (Hibnlen fuvc v^ nfrnt been cumj; 
and rfaeiBiutic difotdcn, even of a Inng Qutding, ve ahran 
rdicvH, aixf very oftni quire cum), by only draving the 
elednc 6tM iivitfa i point Irani tfae jfTccled pan, or by 
dnwing fpaxks fiotri ibe cotidudor. It has >l(b been band 
very beadiciil in difeafn of a long (landing ; and hat ncn 
u/i^tiuciitly been found a pouehiil remedy in i 
coiilTS&ioas. 

There art three iiiflramrntj generally ufrd for ai 
ng medxai clcflricity, befides the eleArical machiac, vit— 
An ckflric jar, uith Mr. Lane's eleitromeier ; an infnbced 
chair or flool, upon which a comnioa chair mav b« oca- 
fionally fcl ; and the dtreflor?. 

The jar ufed on thii occafion Ihuulil be coated widi tin 
foil, and Ihoiildbe about four ioclies in dianirtcr, and fix in 
height, which woold contain above 72 fquare inches of 
coated furface. Through the covering of the jar pafTcs a 
brafs wire B (^g. t, platen), touchlngthe infide coating of 
The jar, and ha* ing a brafs ball K, to which the tlei^roineitT 
■ F D C is faAened, and unnir.ariiig at the top in a brafs bal] 
B, which is 10 toni-h the prime conduflor, and which is fup- 
pofed to fund before the eletlrical machine. The ete^tro- 
merer C E D F confifts of a piece of glafa F D, cenicmed 
to the two brafs caps D and F ; from the fbrmtr of which 
proLcedsa ftroiig perpendicular brafs wire, having at ilie top 
an horizontal f|.'ring focket, through which fltdci the wire 
. C E, having the brafi ball C at one end, and an open rine 
E at the other end ; and Ca fixed, that the ball C is esadly 
. the fame height as liie ball B, and may be fet at anyrequirerf 
tUiiuice Arum the ball B. Tlu! dilbncc feldoia rxceedi j 
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an iDcli, therefore the elcflrometer may be made very fmsll. 
Sometimes there is a fcale on the wire C E, which ferves to ' 
fci the balls B C to any given diflance from each other, with 
more certainty. When this inftrumen[ is iifed, the jar is fo 
placed, that the bali B may tcmch the conduftor. Then, 
fuppofe the b:ill C to be fet at one tenth of an itich diflance 
from the ball B, and the eleftrotneter E be tonnefled to the 
outGde coating of the jar at 1 by a chain E I, In this cafe, 
if ihe eleclrical machine be put in motion, the jar will be 
charged ; and when the charge is fo high, that the elediic 
fluid accumulated within the jar, can pafs from tlie ball B to 
C, which is here fuppofed to be one tenth of an inch ; tfte 
difcharge will take place, the fpark will appear between the 
balls, and the (hock will pad through the chain E I from E 
to I ; for the part F D btin^ of glafs, and generally covered 
with fealing-wax, is 'innjervious to the cleflric fluid ; there- 
fore the eledric fluid Iiss no way to pafs from the iiifidfr 
to the outfide of the jar, but from the ball B to the l»a!I C, 
and along the wire C E, and ffom thence along the chain 
EI. 

When the eleftrical (liock is to be adminiflered to any part 
of the human body (as, for example, to ihe arm), inftead 
of the chain, which muft now be taken awav, two fmall 
pliable wires EL, I L, are to be fattened, one to the ring E, 
and the other to a hook I, of the (land H I, which commu- 
nicates with the oulfide coating of the jar (if the jar have 
not the (land H 1, the extremity of the wire I may be put 
in contaft with the outfide coating of the jar in any other 
convenient manner) ; the other end of the fiid wires is 
^fteiied to thebrafs wire! L L of thedircflors K L. Each 
dtreftor confifts of a knobbed brafs wire L, conoeifted to a 
glafs handle K, by means of a brafs cap. Then ihe opera- 
tor, holding the riirciflors by the extremities of the glafs 
handles, brings their balls into contact with the exlremiiiei 
of that part of the patient's body through which the (liock 
is CO be feat. Then it is evident, from a view of the figure, 
that 




'tKat the difcharge oi ibe jar imifl be made through ifut 
part of the paiient's arm uhich lie= between the two Jtnobs 
of the directors, is, ia the former cafe, the difchargc was 
made through the chaia El. Thus, the operator has nt*. 
thing more lo do, but to hold the knobs of the dife£(ors to 
the extremiiies of that part of the boily through which the 
fliock is to pafs, while an aOifljnt keeps ihe machine i 
doD. Care muA be taken that the two wires £ L and I Z>1 
do not touch each oiher; olherwlfe the (hock will not paiV3 
through the paiient's body. Bv thefe means, aav number oT^ 
ftocVs, precifely of the fame ftrengch, may be given without j 
altering any part nf ihc apparatus. And when it is required I 
lo increafe or diminifli the force of the (hock, it is only n 
ceflkry to increafe or diminidi the diftance between the b 
B and C, which is done by moving the wire C £ through thi 
focket. 

It is of litilc confequence whether the patient flands uponl 
the ground, upon the infulated (tool, or in any other fitup>g 
tion. Neither is it necelTary lo remove the clothes from t)ie 
part that is to be elcflrified, for the (hocks will readily go 
through them, except there be too many coverings, 

III the application of eiei;lriciiy,thechief difficulty conGfls 
in diftinguifliing the proper lireogth of the cleftric force 
that is reqiiifite for a gi»en diforder. For this piirpofe, it is 
jmpolhble to give any general rules, the circumftances bniig i 
of fo complex a nalure, that nothing but Jong expcrienc*» I 
jnd ftrift attention to every particular phenomenon, can ' 
dircfl the operator. It need hardly be faid, that regarJ 
muft be had to the fex aod age of the paiient. The 
furtft rule that can be given, is to begin with more gentle 
treatment, at lealt fuch that, confidering the ctrcumltancn, 
niay be thought rather weak than ftrong. If, after a Uvi 
dayi trial, this gentle treatment be found inefTe^ual, then 
the operator may gradually increafe the force of the elec- 
tricity, until he finds the proper degree. Bot when any limb 
ol the body is deprived of motion, it muft be obfcrvod, ihat 

Ihe ] 
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the catifc is fometimes a roiiira<fti!>n u! itie mu fc le s ; in 
which caTe, eleiflricity has often proved aci elfeftual remedy : 
but the lofs of motion is fomcttmcs occasioned by a relax- 
ation, as well as conrraflioii ; as, when the hand is bent in- 
wardly, and the patient 'has no power to firaighten it. In 
thefe cafes it is often tiiflicuh to dlfcover the real caufe : but 
the fureft method is, to cleftrify buth thofe mufcles which 
are contrafted, and alfo their aniagonifts; for no injury can 
p.ttend elefirifyin^ a found miifLlc, In rheumaric dirordcrs, 
the eleilric fluid (hoiild be drawn from the parts afflified j ' 
or the fparks may be drawn from the condiiflor. 

The operation Ihould be continued for four nr Hie mi- 
nutes, and may be repeated onre or tivice a day. When the 
niD<:ks arc ilrong, their gr«tcfl number at one operation 
fcldom exceeds ;i dozen or fourteen, encejjt tlicy be given to 
different parts of the body. 

The eiiiltaphorut (fig. 2) cnniifls of two plates, from fix 
to 18 inches diameter, in general, and fometimes much larger. 
The upper plate is generally made of brafs ; but a tin plate 
will ferve the piirpofe, having a wire turned upon its edfje, 
in the common manner; on the centre of this plate is fixed 
the focket O, in which the glafs handle 1 is fixed, which 
JE nine or ten inches long. When the eleflrophnrus is. to be 
of a large diameter, a tliin board, covered with 'in (ui!, aitd 
fufpended hy filkeo ftriiigs, will anfwer exte?dir g|y wdl. 

The iQiver plate (only the edge of which toiild be 
Hiown in the figure) may be made either of glafs, fealing- 
wax, or the following compofilion, viz— re(in four pans, 
pitch three parti, [lie'Mac three parts, Venice tur^'ei.tiijetwo 
parts, mehed together over a gentle fire; then poured and 
fpread upon a thin liiien cloih, about a quarter of an inch 
thick; the linen cloth is then (Irctched upon a hoop, and 
made as light as podible. 

To charge a jar with this machine, rub the coated fide of 
the under plate wiih a piece of fine new flannel, or a hare's or 



i 



I 



L 



312 OP KLECTBICITT. 

cat's ikin ; and when it is excited as mucii as poffible, fei it 
upon a table, and place the upper plate B upon it, and put 
your finger upon the upper plate; then, taking your finder 
off, lake hold of the glafs handle I, andapply it to the knob 
of a coated jar. When this operation is repeated 30 or 40 
times, the jar will become charged. 

It was with a machine of this kind that Mr. Cavzllo 
charged a coated phial feveral times by only once exciuD^ 
and fo ftrong, as to pierce a hole through a card at tvay 
difcharge. If a phie of glafs be coated with fealing-wMt, 
andescited, and then laid with the wax lide downwards; 
then, on making the above experiment, by putting the pbte 
upon it, and taking thefpark with the finger, and applying 
it to the glafs handle, &c. it will have the contrary eleftricity 
to what it had before. 

When ir is required to difcover whether a fmall dcffte of- 
eteftridty be politlve or negative, or to know how the ctnigc 
advances in ufing large batteries, and of what flrength It is, 
the moft iifeful eledrometer is Mr. Canton's balls, which 
arc made of pith of elder, turned perfeftly globular, and 
fufpended by fine threads from the conduftor (fig. j). 

To know whether the infideof a jar or battery be charged, 
pofitively or negatively, the balls are to be prcfeiited 
jar or battery which Hands iipon the table, and they will be 
immediately attra<fh'd by the wire, and diverge from eacK 
other. This is always the cafe in both pofitive and ae^tirc 
cleSricity. And the greater the diftance to which the balls 
feparate, and the more they repel one another, the higber 
is the charge. To determine whether the eleflricity b pofi- 
tive or negative, rub a fmall piece of glafs again fl the hand 
or coal, which will excite it pofitively, and then prefent it 
to the balls in their diverging (late, and if it makes rtie balls 
converge, it fliows they are eleflrified pofitively ; but if 
increafts their divergency, it fliows their eleflricity to be n 
And it mufl be obferved, that the eleflricity of 
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balls is always contrary to that with which they are charged, 
for they do not receive any eleiflricity from the wires of the 
jar Of battery ; for all bodies plated within the influence of 
efeflrified bodies are afTefted witii the contrary eleflricityi 

But lo difcover the kind of tieftricity, when the charge 
U very fmall, inftead of tiie pith-balls, a piece of downy 
feather lliould be ufed, fufpended by a lingle filben thread, 
as it comes from the worm^ or at Icall by a very few of lliofe 
threads, lo render it as light as pollible. If any eleAiified 
body be prefenled to this, the feather will be repelled by it, 
if it be of the fame kind with lis own, and attrafled by ir, 
if the eleflricily be contrary to if. For this light body, when 
once eleftfiiied, either pofitively or heptively, will retain 
its virtue a long time, with very little lofs. 

Not wiihfta tiding eleftrlcity might be rendered fo gene- 
rally ufefiil in the application of it to medical purpofes, yet 
it is frequently found to be inetfedual, where it might be 
cKpeAcd to prove the moft falutary, which is very often the 
tffe& of ignorance in the operator j for many perfons, parti- 
cularly in the metropolis, undertake to adminillcr eleftricily, 
who are entirely dei^itutc of any medical knowledge, and, 
(IpnfequeDtly, of (he caufc and Gtuatioii of difordcrs ; hence, 
the ^ilure of it is owing, generally, to an error in the appli' 



The technical Terms ufed by Writert on EUEirkily, 

Batiery, eleflrical, a number of jars cnmhined together, 
to be ail charged and difcharged at the fame time (Jig. 12, 

Ciarging, throwing an additional quantity of eleflric fluid 
upon one fide of a plate of glafs, or a jar, while the other 
tide is exhauAed in the fame proportion. All eleAiic fub- 
(tancei niay be charged as well as glafs. 

CircMUf thofe conduding fubllanccs ufed to conned tha 
vol,. II. f % tw* 
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two coaungs of a jar or battery logether, and through which 
the eleSric fluid niuft pafs. 

CMduilar, a piece of metal furnilhed with pointy lore-- 
ceive the elcflric matter from ilie globe. It muH always be 
infubted, or uncoiineiacd wiih the earth, by means <rf elec- 
tric fubflances, as glafs, baked wuod, &c. Whenever it iJ 
indelinicdy mentioned, the prime conduftor is underAood. 

Bif charging, is rcftoriiig the equilibrium of the clefbic 
fluid, after it has been difturbed by charging. It is cfifeded 
by forming a commuttication between the overloaded and 
enhaufldd fides sf a Jar, battery, ftc. by fome candufUog 
iubOancc. 

Dijckarging rod, a brafs rod, or any other inftniment 
(fig. 4 and 8, plan 20), ufed to effeft a difcharge. 

Ekark iHaiier ar fluid, that fiibtle fluid inherent in all 
bodies, and fuppofed Co be the ca^ife of all thofe appeuaDcet 
which we term eleftric. 

EUftrits, liiofc bodies in which the tlcftric powers of 
attraflioM, repuifion, &c. may be excited by finftion. They 
arc called nm-canrlu^ari, becaufe the eledric fluid cannot 
pafs through them. And ntn-ekflrics art callpd emtJulhnf -m 
becaufe the eleftric maitcr may pafs through Ihem j but a 
cicflric powers can be excited in ihem. 

EUanmeicrs^ inftruments to meafure the 
dearie matter. 

Excitaiiim, calling forth the eleAric powers fh>ni cleArie 
fubflances by frifiion. 

In/ulatitigy placing bodies where iliey are not id cootai 
with any condufting fubfVance ; as, by fufpending them inl 
the air by filken firings, placing them on glafs (kuids, ttc 

Negaii'Jt eUarkiiy, a lefs quantity of the ele^ric fluid ti 
it natural to any body. 

Pefiihx eUfiimiy, a greater quantity of the dcAiic fl 
than its natural fliare. 

Rubber, QT Cafiian^ a piece of leather, or any other fnfr- 
ftance, againft which the glafs globe OT other elearic body 
ii rubbed, in order to excite them, Ptmdt^ 
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PtHcil, the appearance of the eleflric fluid ilTuing from the 
pmnt of a body deflrified pofitively. 

Siar, the appearance of the eleflric fluid ifluing from ihc 
point of a body eledrified iiegaiivcly. 

SAtci, tleSrk, tlie convolfioii given to the animal mufcles 
by the difcharge of ajar or battery. 

ITii* ^ m jar, &c. the wire or metal rod which touches 
the infide coadng of a Jar, kc . 
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CHAP. XVII. 
OF PNEUMATICS. 



■^ , .. .\. SECT. I. 

■'"^t^ THE PROPERTIES OF AIR. 

I HEuMATicg is ilial part of natural philofophy which 
treats of ihe weight, prefliire, and elaftitity of the air, wilii 
llic effcfls arifing from them, 

Tiie air is that thin, tranfpareni, fluid body which fur- 
roundt the whole earth to a conlidenble height; and which, 
logetJier with liie clouds and vapours ttiat float in it, is 
called the atmofphere. That the air is a fluid, is evident 
from ihe following properties, which it pofTefTeii in common 
with all other fiuids: viz. — i. It yields to the !caft force 
impreffed on it. — a, lie parts are eaiily moved among one 
another.— 3. It preltes according to it? perpendicular height. 
-—4. And its prtiTurc is every way equal, 

s s a B\it. 



But the air dificn from all other fluids, in ilie fimr follow- 
ing particulars : — I. It can be compreffed into a mock left 
fpace than what it naturally pofTelTes, whicb no otber fluid 
can ; a. it cannot be fixed of congealed as other fluids can ; 
3. it is of a different denfiiy in every part upward from the 
anil's fnrkcc, its weight decreaCng the higher it liSa, 
confcquently it mull alfo decreafe in denlity ; 4. U a of >a 
dafiic nature, and [he force of the fpring is eqml to in 

It is evident, that air is a body, for it excludes aD other 
bodies out of the fpaoe it poflefles ; thus, if a glafc Tcfld or 
Jar be inverted, and plunged into a veflel of water wkha 
fleady hand, ftill preffing it downwards, there will rerf 
Utile water get into (he jar, becaufe [he air, of which tt b 
full, keeps the water out. It is upon this principle that 
diving-bells are conftruited. 

Air being a body, mull neceflarily have gravity or weigliti 
and its weight is determined by the following experiments^ 
let a bottle tfaat holds a wine quart be emptied of 
by means of the air pump ; then weighing the bottle, ir will 
be found to be about 16 grains lighter than when the 
let inio it again : which (hows that a quart of air weighs iS"" 
grains. And 10 find the .proponion of the weight of 
that of water, divide the weight of a certain quantity of 
water by the weight of the fame quantity of airj thus, a 
quan of water weighs 14621 grains, whicb, divided by 16, 
the weight of a quart of air, quotes 914, in round numbers : 
which (hows that water is 91 4. times as heavy at air, near the 
furface of the earth. This is in genera! the greateft wdght 
of the air ; for commonly it is reckoned only 840 times lefs 
deofe than water, at a mean rate ; the denfity of the air 
being very various, according to the fituation of the climate, 
feafon of the year, and many other circumftances. 

The air has a different denfity as we rife from tbe fur&ce 
«f.[hc earth, and grows continually rarer and lighter tbe 
fcnher it is from the earih, which is owing to its bring of 
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ati eladic nature, and capable of being comprrfTcd into a ^H 


Ids fpacc, for tiie lowermoft parts of the atmofphere, being ^^| 


prdTed with tlie weight of all tbat is above tiiem, muR con- ^H 


fequently be rendered more denfe and compaiS at the earth's 


fiirface than at any height above it. And rhat air, towards 


the upper part of the atmofphcre, being kfs preflcd, ts con- 


fequcntiy lefs denfe and compafl than that near the earth ; 


for the dtnfity of the air is always as ihe force that comprefles 


it. The following table given by Dr. Cotes, fliows that the 


rarity of the air at a diftance from the earth's furface increafes 


in a geometrical proportion, while its height from the earth 


_. increafes in an arithmetical proportion: 


1 _ f Milesabovcthe furface 1 :, .1 ?- 


1 


'\ of the earth the air /" ~ * 


1 


I 


.+ ---- .6 
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_ _ _ _ 64 
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28 — — — — 256 


1 


r 


35 _ — — — 1024 




*g 


4a — — — ~ 4096 


1 




49 _ _ _ — 16284 




■s 


56 -- — — — 65536 
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,§ 


6j — — — 361144 
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70 — — — 1048576 
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^. 


7? — — — 419430- 




84 — — — i6?772i6 
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m < 


9t — — — 67108864 
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98 — — — 368435456 


IM 


■ 


loj ~ — — 107374181; 


1 '4 


■- 


lis — — — 42941)67296 


■ 


119 — — — I7r798'>9'84 
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ia6 ^ — — . 687i94;6756 


=• 


■ 


I3J — — — 274877906944 


? 


w 


140 — «— — 1099511627766 


? 


From (his tritle it appears, that at the height of fevcn ^H 


miles from the earth, the air is four times rarer and tighter ^H 


■^ than at the earth's furface; st the height of 14. miles it i& ^M 


H 16 limes rarer and lighter; at a r miles, 64 times rarer, &c ^M 


H From hence it may be proved, that a cubical inch of fitch air ^^| 


■ as we breathe, near the ea«h's furfcce, would be fo much ^H 


■ ^''^^ ^M 


^^^*^^^^^^^^^^^^^^^^^^^^^M 
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more areficd U iuc Imghi at jor- cnikt, tliak«««idfiB 
1 Ipheree^Uki ill dixtDtUT to i^ ofbit of &a(ur& 

The wci^iu or prclTun; of iLe ait u drLUvaed kf wtat 

b caited ihe Ti>ricelU3n nperimcnc, wiuct a u Mbj «j 
FlQ with purified quickfilver, a gin^t tube «baai OWcc fist 
loogi and open at one ciid ; ami putiiog jiat ^igET apM 
,lbe «pcn <ad, turn [bat eod downwanb, xd^ innesfe k a 
Afmall vrRct of «)uidilil*er, without Lctmig h any airj ik^ 
jiJtiiitaway yaur &n^er, tht: quicklilver wUIicnaiB (irffijiul 
in tbc tube, about 39^ incbca above the (ntiatx of IM in 
the veJTel ; (bmriinnet more or lei'i, u tbe wa^tt ct Vrak b 
varied. lu thib expcrioient, it bcvidcoithat ffaeqinckflecrB 
nifed in the lube by the preirure of the aimofplKrc ypoa ifaM 
]Blbeba(bnorvcflel; for if the baiiiD aodtube bcpKOaderi 
^£, and the air be taken out of (he glaf^ all the qiackfiher 
fal the tube wilt /all down into iHe bafun; and if tbeairbeln 
ina^n, the quidifilver wili rife to ihc fame bci^bi a& fadoK. 
Therefijre tbe air's prelTure on the fur&cc of the C«tii it 
equal 10 the weight of 29^ inches depth of quickfilv<r all 
Oter tbe eanb'^ furface, at a inean rate- Bitt a fqttare 
column of quieklilver ag^ incbe* high, and one inck tbick, 
weighs ]a& i; pauads, wbich, therefore, a equal m dx 
wdgbc of tbe air upon every iquare inch oa the eanb** fur- 
face; and the weight upon every fquare foot, or 144 inches, 
amounts to 3t6o pounds. According to this rate, * noddle- 
filed man, u'bofe furface is generally about 14 fqaare feet, 
fufiaini a prefliire ol 30340 pounds, wbetv ibe air b of a 
mean gravity. This weight could not be born, if it wet« 
not that it k equal on every part of the body, and counter* 
balanced by the fpring of the air within ixs, which is ditfufed 
.through the whole body, aud te-t&i with aa equal fiorcc 
againft lite external preSiire. 

As tlie ennh'i furkcc coataiiu near 3oo,:»o,ooo fquare 

miict, in round numbers, and every fquare mile 27,874,400 

fqoarc feet, ih«e are 5,575,680,000,000,000 fquare feet on 

tbe earth's fur/ace, whicb, multiplied b^ si6opouad^ the 

weight 
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weight on each fquare foot, glv« 1 1,043,468,800,01 
pounds, for the preiTure of the whole atmofphere. 

Allcommotiairis impregnated with :i certain kind of whai 
is called w-jifj-iag /pirii, wliich is eflential to preferve animal 
life ; and in a gallon of air there is enough of ii for one man 
during the fpace of a minute, but not much longer. This 
fpirit ii alfo in that air which is iil water, as appears by the 
fi(h dying, when tliey arc e.ictuded from frelh air, as in a 
pond [hat is frozen over. 

This fpirit' in air is loll by palling through the Iitngs of 
any animal, and is the rcafon why an animal dies fo foon 
when deprived of frefli air. The litiie cggi of inftfti, alfo, 
when flopped np in a glafs, and cxcUuled from the air, do not 
produce their young, though they be sffilied by warmth. 
The feeds alfo of plants though mixed in good earth, will 
iiot grow if thty be deprived of air. 

The rivi^ing quality i« alft deflroyed by the air pair- 
ing ihroitgh fire, jarticularly charcoal fire, or the flame of 
fulphur.' 

Air may alfo become vitiated, by being clofcly confinetl 
in any place for a cunriderablc time, or bj* being mixed witb 
malignant flcattK : and Itiflly, by the corruption of The vlvi- 
lying fprit; as in the holds of Ibips, in oll-cillern!, winc- 
i;eliars which have been fhnt fome time, or brewers' vats. 
Ill any of iliem, ibe air may be (b much vitiated a* to be 
immeiliate dc-aih to any animal that enters them. 

When ihc air lias loft lis vivifying fpirit, it b called damp, 
bccnufe it aliounds 'uith humid ani) moid vapoitrs, and 
bccaiifc it deadens fire, cxiinguifhes flame, and dcftroys life. 
The effrfts of thelc damps are fufficieutly known to thofc 
who work in rrones. 

When part of the vlvifyrng fpirit of air in any country 
begiiK to putrefy, the inhabhnnls of that country will be 
fubjeft to au epidemical dilcafe, which will rage till the 
putrefa^on is over. And as the putn-fving fpirii occafions 
the ttifeafe, fo !f Ihe difeafed budy contributes towanif the 
pntrefaAVwv 
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Wheu the air ii boled lo aaj degree, k wS 
, and ibe adjacent air wili ruth id to fapplv fa 

I Ibcfefore, there will be a itmm or 

I iheadjacem parts towards :he place wbere the heat is. 
appeare evitlent from the motion nith whicb the air 
iDwanti any pUce wh^re tbere is a great fire, as into a gla&- 
houfe, or through the ]icyhole of a door in a rooen wboc. 
tbere is a fire. 

Thai wi[id, called the trade u-ind, which blcws 
fromcsfi to well about the equator, isaneceflary confe^uenCB 
of this principle. For when the fun fliines perpegdicuiarly 
upon any part of the globe, the ait in ihat pan will be 
heated, and coorequenily rarefied, and will tberelbre afccnd 

|npwArdi) and, when the fun withdraws, the adjacent air^ 

tniQiing in to fill the place of the rarelied air, will conic- 
^tiently caufe a llream or current of air from all partt 



conftantn^^l 
infequenCBM 



wards that pan which is mofi heated by the fun. But th« 
courie of the fun being from eaft to weft, with refpefl to 
the tarth, the common courfe of the air which fuppUes the 
place of the rarefied air muft be in the fame direftion, viz. 
from eaft to weft ; but on the north fide its courfe will be 
dire<3ed a little towards the north, and on the fouth fide aa 
much towards the fouth. 

This would be the genera! courfe of the wind about the 
equator, if it were not atfefled by other caufes, which change 
its direiSVioii: as, i. By exhalations that arife out of the 
earth, at different times and different places, occafinned by 
fubterraneous lires, volcanoes, &c.i a. by a fuddcn inunda- 
tion of ftin, which caufes a contraiition of the air j j. by 
the violeoi heat of fome burning fands, wiuch caufe an 
extraordinary rarefai^lon of the contiguous air; 4. by high 
mountains, which alter the direction of the wind; ^. by the 
declination of the fun towards the north or fouth,'thereby 
caufing a greater heat in the air on the fame fide of the 
equator. 

Thefc are the principal caufes which create fuch a great 
variety and uncertainty in the winds in moR countries dif- - 
tant from the equator i as, i. The variations of the winds 
in the different parts of Europe ; z. the monfoons which are 
found in the Indian feas; 3. ibofe winds which always blow 
from weft to eaft, on the weftern coaft of America, and on 
the coaft of Guinea ; and the fea breezes, which, in hot 
countries, blow from fea to laud in the daytime ; and the 
land breezes, which blow towards the fea in the night j and 
all ihofe other irrcgulirilies in the witid, as ftorms, whirl- 
winds, hurricanes, 2;c. 
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crifi^ from diferent b 
the KmoTpfacKC, wUch b t 
•f aU ipoRMt bodks 
mtkt bmjt fandks burat, and tbc cffiavJa 
Btrani, acid, and alkaline fiib> 
ko^ nia to a ccroia bc^ht ia 
og to in cMD Ifxcific giavi^. Alrf 
adfe fexn an add aod alimlane bod|P 
I tfae aic, Eboe Bill be a cooftid bctwtCB 
m ■till ii iiilj^iitj I illiil I fi iiimgMjiiit 
dw leraiBMadaa bcginC, it wiU|iliidoa£ 
■am fac of a ombafiide n 
pan of die ur 10 anoikai i 



dbrifaefc 

s and Gbubcr't fpirit of d 
wfekb will immediatly produce a fuddra i 
ii villi a fioe flame ; aod if tbc ingTcdieou be q 
iU be a fodden explofion. Thdc arc the cffcAl o 
\ vnkm cl an add and alkalioc fluid. 

From this expenmeat, we n)ay account for the d 
■itfiuiider aad lighming, wbich b occalioned bjr ^ effluvia 
i fulphurons &nd nitrons bodies meeting each atlm in the 
(■]r, where, aSifted by the fun's hrat, a fermentation, firt^B 
;xplolion enfue. When the inflammable macter it tl 
] %Iit, a wIU afccnd to the upper pans of the a 





fphcrt, before the fermentation takes 
more denfe, it will hover near the furfece of the earth, where, 
whrn an explofion takes place, ihe fire is vifible, and often 
dangerous; the explulion iilfo lias a violent forte ; and the 
heat being great, will rarefy and drive auay all toe adjacent 
air, kill men and cattle, fpiit trees, rocks, Arc. 

Lightning differs from all oilier fires ; for it ha"; often been 
known to pafs throngh wood, leather, cloths, and other 
fiibftances, without hurling them; at the fame time melting 
iron, ftecl, filver, gold, and other hard bodies. It tasmdled 
or bnrnt afunder a fword, without hurting the fcabbard ; 
and melted money in a man's pocket, without hnrtiiig his 
cloihes. So fine are the particles of this fire, that ihey pad 
through foft, loofc bodies, without injuring them, and fpend 
their force upon thofe thai are more denfe. 

Any fieel inftruments, ag knives, forks. Sec. that liave 
been ftruck with lightning, have a ftrong magnetic virtue, 
which they retain many years. The lightning (Inking the 
mariner's compais has often turned it quite riMind, and made 
it Hand the contrary way, that is, with trie north pole touards 
the fouth. 

Thofe explofions which fometimes happen iti mines, and 
called fire-damps, arc of the fame nature with ligiitning, 
and occalioned by fulphurous and nitrous vapour rifing 
from the mine, which, mixing with the air, take fire from 
the lights ufed in the mine. This fire, when once kindled, 
continues to run from one part of the mine to another, as 
the combuftiblc matter happens to be; and as the elafticity 
of the air is iucreafed by the heat, the air in the mine will 
fwell confiderabiy; and, for want of room, will at length 
explode, with a degree of force equal to the violence of the 
fire, the quantity of effluvia, and denlity of the vapours. 
This is fomclimea fo flrong as to blow up the mine j at other 
times it is (b weak, thai when it has taken fire it may be 
eafily blowu out. 

T T s Air 
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Air thai will take fire from the flame of a candle, may be 
produced thus :~Having |iiimped the air out of the receiver 
of the air-pump, let the ait run into it through tjie flame of 
the nil of turpentine j then remove the cover of the receiver, 
and holding a candle to that air it will take fire. 

When combuftible vapours are kindled in the bowels of 
the earth, where there is little or no veni, thev produce earth- 
quakes, and violent florms or hurricanes of wind, as foon at 
they break forrh in the open air. 

An artificial earthquake may be prodijcfd thus:— Take 
10 or ij pounds of fnlpliur, and as much of the filings of 
iron, and knead them with common water into the cojifift.. 
cnce of a pafle : this, being buried under ground, will, U 
right or trn hours times, burft out into flames, and caufe^ 
earth lo tremble around it to a confiderable diftaoce. 

It is owing to fobftancci of this nature that we haw v 
canoes. 



SECT. IV. 



THE CONSTRUCTION AND DSE OF THE AIK-PI 
BAROMETER, AND AIR-GUN. 



1. Of the Air-pump. 

The air-pump is a machine to pump the air ont of «af 
rcflel, and eonftruaed on the fame principle as the mata- 
pump. 




The air-pump, with all its apparatus, h fliown j 
pUiir 32, whrre L L is the phit, on which is placed a web J 
leather, and the large glafs receiver M, placed i 
leather, fo that ihe hole i \a the plate may come within tlie 
glafs. Then, fay turning the handle F (fig. a), the air will 
be pumped out of the receiver, which will be held down xo 
the plate by the force of the external air or aimofphere. For, 
as the handle F is turned backwards, or towards D, it raifes 
Ihe piflon lie in the barrel B K, by means of the wheel E, 
and rack work D and C; and as the pillon is leathered fo 
tight, as to fit the. barrel exaflly, no air can get between the 
piflon and barrel, and therefore all the jir above J, in the 
t>arrel, is lifted up towards B, and a vacuum is made in the 
barrel from i lo c; upon which partof the air uilhe receiver 
M (^Tf, i), by its fpring, ruQies through the hole / in the 
brafs piate L L, through the pipe G C G, which communi- 
cates with both b:trreh, by means'of the hollow trunk I H K 
(fig, 3), and pudiing up the valve &, enters into the vacant 
place h c oi the barrel B K. For wherever the refiftancc or 
prefliire of the nir i.> diminillied, the air will mn to that 
place, if it can find a pafiage. Then, if the handle F be 
turned the contrary way, the pifton </ e will be lowered in 
the barrel; and as the air which came lafi into the barrel 
cannot be puflied back through the valve b, it will afceud 
through a hole in the pilton, and make its efcape through a, 
valve at (/; and by that valve be prevented from returning 
into the barrel, below the piflon. At the next railing of the 
pifton, a vacuum is again made in the barrel, between b and 
e, as before, when more of the air that is left in the receiver 
M (Jig. 1) efcapes by its fpring into tlie barrel B K, through 
the valve 6. What is here explained concerning the batrel 
B K muft be undeiftood with regard to the other barrel A I. 
And as the handle F is turned backwards ^nd forwards, it 
raife* and depreffes the piftons in each barrel ahernaieiy, 
failing one, while it deprefles the other. And as there is 3 
vacuum 
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bw ^tanuog aS whicn tbe vrBBTVanT line br Isa 
the t vo if^ t *plt!4 'i ' TOPgti rt)e hcfe i, sod-tbea ibtn 
kwnmct Inofe^ 3n4 lutr be ttfctn tS tbc p4»e. Tftefci 
£^. 3>afefi«d will- frame K^f(^.i>,bTtfcctwi 
•■<» //. *Wcli p>«<» itw p»e« E upon ibt barrcis ; 
kdllcw Inrali H (/ix. 3) b c w ei ri bf tiic box G H (;^. 1 

I m m m nhji gMs nibe, open at both rad% and ■ 
)4 inchci long, the u|>p«T end connnuni eating wVk i 
itie in the pump plate, and the lower end imiiK 
♦dftl N, which is netriy filW with qitick.lilver. This wfc* 
hu a wwideti ruler « m, coiled the gauge, Mrf divided irst* 
tndiCT, and pms of an inch, from the bottoni'at >, lit the 
AirlaKaf rtie<]iiickfilver, and conliaucd upwards td«,'^6al 
31 inrJics. 

The ufr of ihii rule h, 10 difcover the qtiariiity oTair ibat 
nmniiis in ihe receiver M : for as the air is pumped' Out of 
ihc receiver M, it h aifo pumped out of the tube / •» *, 
bccaufe the lube opens in the receiver; and as the tubeb 
jrtdttally emptied «f its air, the quickfilver in the velTcl N 
it foKtd up the cube by thf prelTurc 0/ the atmofphere 
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the quicUilver ia the vdlcl; aod if the receiver could b« 
petfeftly exhjiuftcd of air, the (iiiickfilver woulJ (land as high 
in the tiibe, as it does at that time in the barometer; for the 
qiiickSlver iii both cafes is fupported by (be fame power, 
viz. the wdglu of the atioofpbere on the quicklilver in the 
open vcflc). 

Every turn of the handle F cjthaufls a portion of air from 
the receiver, and confequently raifcs the quickClver in the 
tubei and [he arcciii of the qitickfilver is always proportioa- 
able to the quantity of air eithaufted ; and the quantity of 
air reniainiag in the receiver is propor[ionable to the defeft 
«f the height of the quickfilvcr in thegaug^ from its height 
in the barometer. 

There are feveral experiments trade with this air-pump, 
to fliow [he refiiiaiiee, weight, aud elaAidty of the air. 

1'he rellflaiice of the atr is meafured by a fmall machine. 
Living two mills, a and A (/%. 3), which are of equal 
weights, and each turning freely on ha own axis, independ- 
eat of each other. Each mill has four thin fails fixed to its 
axis ; thofe of the mill a have their planes at right angles to 
its axb; aud thofe of i have their planes parallel to it. 
Therefore, when thefe milU turn round in common air, the 
mill a has but little reHftancc from tlie air, becaufe its faili 
cut tlie air with their thin edges; but the mill i is greatly 
refilled by the air, becaufe it expofes the whole plane of it^ 
fails again£l the air. In each axle is a fine pin near the middle 
of the frame, which goes quite througii (he axle, and (lands 
Mit a little on each (ide of it. Upon thefe pins the Hider d 
h made to bear, to hinder the mills from going round, when 
the Hrong pin C b let on bend againft the lower end of tliC 
pins. 

Set this machine in motion, by drawing up llie fjlder </to 
the pins on one fide, and fetting the fpring C ou bend at the 
oppofite ends of the pin» ; then puQiing down the flider J, 
(he fpring C, aifting with equal force upon each mill, wLU 

fet 
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i6 grains lefs than when it was fiill of air, when the quick- 
filver ftands at 2g| inches in rhe barometer. 

If the receiver O (fig. i ), or IW, be placed over the hole < in 
ihc pump pbte, and the air be exhaiiftcd therefrom, this fmall 
receiver will be prefTed down to ihe pump plate, by the 
weight of the atmofpherc, which will be found to be equal 
to as many fifieen pounds as there are fquare inches m ibat 
part of the plate which the receiver covers; and which will 
hold down the receiver fo (aft, that it cannot be removed 
until the air be let into it, by turning the cock i, when it 
will be pcrfeftly loofe. 

Place the fmall gUfs A B (fig. 5), which is open at both 
ends, overihe hole I, on the pump plate L L (fig. i)i and 
having put your hand clofe upon the top of it, at B, ex- 
hauft the air out of the glafs, and your hand will be preflcd 
down upon the glafs with a weight equal to as many times : { 
pounds as the end' of the glafs B contains fquare inches, 
as before. 

If a piece of wet bladder be tied over the end of the glafs 
(fig- 6)> and, when it is dry, the glafs be CKhaiifted of its 
air; the outer air will prefs upon the bladder, which will 
have a fpherical concave figure, and will grow more concave 
as more air is pumped out of the glafs, till, at length, ic 
will break with a report as loud as that of a gun. If, in- 
Jiead of the bladder, a flat piece of glafs be laid on the top 
of this rtceiver, and joined to it by a ring of wet leather 
between them, to exclude the air upon exhaulKng the air out 
of the receiver, ilie prclTure of the outward air will foon break 
the flat piece of glafs to pieces. 

Let the two brafs cups A and B (fig. 7) be joined toge- 
ther with a wet leather between them, having a hole in the 
middle of it; then fix the end of the pipe D into the hole 
i of the pump plate, and exhaul) the air out of them, hav- 
ing turned the cock E, which permits the air to come 
ihrougb the pipe C D. Then turn the cock E again, to 

TOl. II. V u keep 
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keep oct tbe air, aod cmocw liv p:pe D finco (te 
pbu, and fcrcw on tbc biodic F; tbeo it triU itqoin « 1 
groU fixcc to pcU ibcfc nro «.upi aliinder i ior if ifae 
meter of ibe cops be fiwr mchct, thcj wiil be prcfled 
gcdwT, by tfar euernal air, whb a fitMcc equal to 
Bnt if they be poi under the large rej;d»rer M (fy. i\ 
tl)c air exhauSed out of the receiver, they will &U afuadert 
lo eatemal air tu hctp itiem logetber. 
FUce (he vefTd A (^. B) on the pump plaR, hari^ 
fiwK ^uickliiver in it, and cover it with ibe receiver B, ii 
which is inferted ihruugh ihe collar of Iraihen, in the 
DQcl^C, tbe tube de open at the lower end; then 
\h£ air Oiii of the receiver, aad it will aifo be cihaufied out 
the tube. When the receiver is fufcicntly exh^uficd, pufe >] 
down the tube, fo as to imaierfe the lower end inlo the 
quickfilver. Tn this cxperitnent, though llu; tube be tx-, 
haufied, of air, yet none of the quicklilver will rife io i|^ 
becautc there is no air in the receiver, to prefs upoa 
furfacei but if ilie air tre let into the receiver, by the cock. 
J in tbe pump plate, tbe quicklilver will ioiaiediaiel/ rit^ 
in the tube, and fi^id nearly 3% higb as II does at that 
iQ tiK baroiueicr. 
Thii eitperinuitt fljon s, that the quicklilver is luj 
Kin the tube, merely by ibc prefliirc of the air on its fui 
Ku tbe open veflel, iii which tlie tube is immerfed; and 
I tbc more deafe and heivy the air is, the higlter the quici 
I filver (ifei ; and, on the contrary, tbe llunoer and lig^Cn' ijtk 
Laii iSt the lefi it will rife. Thii is the reafoa why tbe quick. 
F filver in the baromrier ^lls before nin or fnow, aqd lifet 
r before fair weather; for, in die former cafe, ibeaarU 
[ thin and li^ht to bear up the vapoun j and in tlw 
r cafe, too denie and heavy to let them &1L 

Hue. In all experimejits made with mercury, by the 
&< JMtmp, there (Iiould be a Qiort pipe fcrewcd in the bole i gf 
Btlwpuinp plate, fo as to rife about an inch above tbc pUte,ta> 






prevent any quickfilver from gmiiig into the air-pipe and 
barrels; for, (hould any get loofe into the pipe or barrels 't 
fpoiis them, by loofening the folder, and corroding the braG, 

To (how the ehfticity or fpring of the air, fcrew ihe pipe 
A (fig. 9) into the pump piate, and place the receiver G 
H, upon the plate c d, which is fixed to the pipe, and ex- 
hatift the air out of the receiver ; then turn the cock t, to 
keep out the air, and unfcrew the pipe from the pump, and 
fcrew it into the mouth of the copper veflel A (fig. 10), 
which is half filled with water. Then, upon opening the 
cock I, the elafticity of the air which is confined in the 
upper pan of the copper veJTel A, will force the water up 
through the pipe A B in a Jet or fountain, into the ex- 
haufled receiver. 

There are a great number ot other experiments 10 be made 
with this ufeful machine, the air-pump, as: — 1. To fhow 
how neceflhry air is for the fupport of animal life; by put- 
ting any (mall animal under a receiver, and exhauffing tlic air. 
3. The different effefls it has on different bodies; byincreaf- 
ing their gravity.— 3. How long it will fupply fkme or fuel; 
by piitting a lighted candle under the receiver. — 4. The 
property of air in conveying found ; by putting a bell under 
the receiver, and ftriking it when the air is exhauHed, &c. 

a. Of the Barometer. 

This is an inJTrumcDt ufed for mcafuring the weight of 
the atmnfphere, foretelling the changes of weather, and 
mcafuring the height of mountains, &c. 

The common barometer is formed of a glafs tube, hcr- 
meiically fealed at one end, and filled with quickfilver, 
defecated, and purged of its air. The open end of the tube 
is then immerfed in a vefTel of quicktilver; and by the 
prefTure of the atmofphere on the quickfilver, in the open 
veflel, Ihe mereury in the tube will rife to the height of 
u u a twenty. 



I 



3J2 



OF PKEDMATICS. 



twenLy-riioe inches acd a half, when the weight of the ataio- 
fphrre K at a mean rate. When the weight of ihe Mmo~ 
^here is greater, thee the mercury in the tube wilt rife 
higher ; and when the weigbi uf the jtmnfphere it leis i) 
its mean weight, the mercury in the tube will fell lower. 

To eta^ni^ lie Barmaetn. "etng provided 
tube of one tliird or one half of an inch wide ((be wider 
rtie better), and about thiny-four inche* long, being dob 
at the top, or hermetically fealed, pour into it wcll-puriGed 
quicUilver, with a finall funnel, of either glaf^ or paper, 
till it wants about half an inch of being full ; thta (lopping 
it dofc with the finger, invert it flowly, and the air in the 
finpiy part will afcend gradually lo l!ie other end, and cal- 
[" U& in its way any fmall air-bubbles, which will unavoidably 
get in, in filling the tube : then again invert it : and Aua 
continue to invert it ievcral limes, turning the two end* al- 
tcrnately upwards, till all the air bubbles are colle^ed, and 
brought up to the open end of the tube ; then the tube wU 
appear like a fine polifhed ftecl rod, without a fpeck in II 
j Then poiir in a Uitle more quickfilver to fill the tube quite 
f .VP, and ftopping the open end of the tube wiih the finpi, 
invert the tube, aud imnierfe the finger and end of tbe tiAe, 
, ttius ftopped, iotoabafonof purified quick fiiveri withdraw 
; finger, and the mercury will defteud in the tube to 
, {amp place between 28 and 3 1 inches above the mercury in 
' Ihe opeii vefleJ, as ihefe are the limits between which it al- 
ways flands in iliis country, on the common fur&cc of the 
\ .farrh. Meafure from the furfacc of the quick filver in ibc 
cprn veflel, to tiie height of twenty-eigiit inches, lud alfo 
, _to the height of thirty-one inches, dividing the three inciies 
r feeiiveen thefe two nunibere, into inches and tenths of aa inch, 
rj^hidi are marked on a fcale placed againft the Giie of the 
pibe i and the tenths fubdividcd into hundredth parts of aa 
I ^ch, by a flidlhg index, carrying a vernier or imiu. Theft 
I ,#!'« inches, between twenty-ei£ht ^nd ihiny-oiw, divided 
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thus, will anlwer ull the purpofes of a ftationary or chambe 
barometer ; but for experiment on altitude and depths, it U 
necBlTary to have the fcalcs continued higher up, and a great 
deal lower. 

Several precautions are necelTary in filling the tube, and 
fitting up the barometer, as; — i. The bore of rhe lube 
(liould be pretty wide, to allow a free motion to the quicklil- 
ver, — z. The bafon at bottom Hiould alfu be pretty lai^e, 
that the furface of the mercury in it may not fenfibly rife 
or fall with that in the tube. — 3. The bottom of the tube 
fliould be cut off rather obliquely, that, when it refts on i!ie 
bottom of the bafon, there may be a free paflage for the 
quickfilver. And, laflly. It is bcft to boil the qiiickfilver 
ia the tube, which will expel all the air from it^ and render 
it very pure. 

This inftrument owes its invention to TvTkeiU, the difciplc 
of Galileo, who lived about the beginning of the feventeenth 
century, and wlio having difcovercd thai water could not be 
raifedinapumpunlefsthefucker was within 3} feet of the fur- 
face of the well, dcfired Toricelli to invcftigaie the caufe of it. 
After fome time, Toricelli difcovercd, that the ptelTure of the 
atmofphere was the caufe of the afcent of the water in the 
pump; and that a column of water, 33 feet high, was the 
j8ft counterpoife to a column of air of the fame bafe, and 
which extended up to the top of the atmofphere; and this 
was the true reafon why the water did not afcend any higher. 
He alfo difcovercd, that a column of quickfilver, about a^ 
feet high, would be a counterpoife to a column of water of 
the fame bafe, and 33 feet in height; as quickfilver is 
nearly 14. or rather 13.6 times heavier than water. This 
fuppofition hefoonverified, by filling a glafs tube with quick- 
filver, and inverting the open end of it into a bafon of (he 
iame, when the mercury defcended till its height above that 
in the bafon was above jj feet, juft as he expefled. 

It 
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It was not rill after fome rime, that k was difcerered, th»t 
ihe pretTurc of air was varioin at different times. Thfe, 
liowcver, was no fooner made known, Than it was alfo 6b- 
fervcd, (hai the variations in the mercurial c<»lumn were ai- 
ways fuccceded by certain changes in the weaihrr, as rain, 
wind, fnow, Sec. Hence, this inftrumcnt was foon ufed as 
the meaus of foretelling the change of the weather, utd en 
this account obtained the (lame of Ktattrr-gla/i, n it did 
Ihat of barometer, from its bring Che meafure of ibe wd^t 
flr preffure of ihe air. 

The phenomena of the barometer arc fo rarioos, that w- 
thors have not yet agrred upon the caufes of them ( nor 
h the vife of it as a weather-glafs yet perfeftly afcertained ; 
though daily obfervations lead us ft!!! nearer to pnecifion. 
The moft general rules for judging of the weather Jiip 
ihofe delivered by Mr. Patikk, which are efleemtd the beft 
of any, and are as follow : 

r. The rifing of the mercnry prefages, in gmnal, I 
weather; and its felling, foul weather, as tain, faow, E 

' winds, and florms. 

2. In very hot weather, the felling of the nWtcurf fhft^ 

. eates thunder. 

^ 3, In winter, the riling prefages frof) ; and in frolly wea- 
ther, if the mercury fells three or four diriEens, 
will certainly follow a thaw. But in a continued ffb% i 
mercury rifes, it will certainly fnow. 

4. When foul weather happens foon af^er the falling t 
the mercury, expert but liltic of \l; and, on the contrary, 
enpeft but little feir weather, when it proves fair fboitly after 

'the mercury has rifen. 

5. In foul weather, when the mercury rifes much and high, 
and continues fo for two or three days before the foul wea- 
ther ii over, then citpeft a continuance of l^r u-ea)her W 
Jbllow, 
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6. In d'u weather, when the mercury falk much and low, 
and continue* lb for two or three days before the rain come), 
then expeiS a great deal oi wet, and probably high winds. 

7. The unfettled mciion of the mercury denotes uncertain 
and changeable weather. 

8. You are not fo ftriflly lo obfervc the words engraved on 
the plate, as the mercury's riling and fallingi though, iii 
general, ic will agree with them. For, if it {land at tba 
words Mud Rain, then rifes up to Ckangt^bU, it prefagcs 
^r weather; though not to continue fo long as if the mer* 
cury had rilea high : and on tl>e contrary, if the mercury 
ftood at Fair, aiul falls to Ckangreile, it prcfages foul weather j 
though not (b much of it as if it bad funk lower. 

Upon ihefe rules of Mr. Pairici, Mr. Rruming refmrka, 
that it is not fo much the abfolute height of the mercury in 
the tube that indicates tlie.ueatlier, as its motion up and 
down ; therefore, to pafs a right judgment of wtiat weather 
is W ii cxpe&ed, we ought to knou' whether the mercury is 
B^ally riling or falling ; t9 which end the following nile» 
Aould be obJcrvet] ; 

9. If the furface of the mercury be convex (ftuidjug 
^gher in the middle of the tube than at the fidea), it Js a . 
'S^n that the mercury is theji rifing. 

10. But, if the furfiice be ouicave (or boUow iu tb« nud*, 
die), it is then Coking, 

11. It it be plain, or tatiier a little convex, the mcfcuiy il 
(tatio(ia%i for, mercury being put Into ) glafi tube, efpa 
daily 3 fmall one, naturally has its furface a little convex|l 
becaufe liie particles of mercury attra^ each other mor 
forcibly than they are attrafied by the glifs. 

12. Someiinies the mercury will flicli to the fides of the 
tube; therefore, when an obfervaiion is to be made with 
fuch a tube, tlte tube Hiould be fh^licn a little; then, if the 
jur be grown heavier, the mercury will rife about a twentieth 
of an inch higher : but if the air be lighter, it will fink at 
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ptadb -. arA i/ ir be tbc wtrd bu o nmla, tip it, 
ike &i ff -r , which viO %ire dtc mercui 

To ibe fan^oinv rain mtr be aMol Hlc 
firam bar acxi cUa oUcnaooos: 

15. In «iitf£C. fyooff and antiani^ tfae fu 
■be mtrcory, tai ttH far a kr^ IpKC, 
and Bonn; bat m fnmnec, it Aeaotn bearr (kuMti'i,- 
■Acn i hawiei; lad it alwan firib Imreft of «U for 
wiodi, iboogh net »cco(r.pamei] with nin; for 
iwn mgnhrr, it falU mc-rc thin for ettber of tbcm 
Alio, a, after raio, tbc triad change into anjr pan ' 
Konb, wiifa a clor and dr^- ikj, acd tbe mercnr^ 
a certaio Ggn of bir aeather. 

14. After very gmiftormi of wind, wben the 
beto fciw, il commonly rifts very feft. In fettled, ^r, 
dry weatt'cT, expetX but Btile imd, except the barometer 
fink much; for a foiall finki-t^ ^n, only denotes a bttle 
wind, era few drops of rain; and the mercury 600a dfit 
a|ain to iti former flation. In 3 wet fcafon, fuppofr 
time and harvcft, ihe fmalleft £nking of the merciny 
be noticed, for, when the cooftituiion of the ti 
dined to (liowere, a little (inking then denotes 
it never thtii Aand^ veiyhi^j and if io fucfa a feafo 
rife fuddenly, very (aft and high, expefl not feir vt 
more than 3 day or two, but rather that the mercnfy will 
hil again very foon, and rain immediately to follow ; the 
flow gradual rifiag, and keeping on for two or three 
being moil to be depended on for a week's feir weatbcri 
the unfetiled ftate of the quickfilver always denoting 
tain and changeable ueather, efpecially when the memii 
fland* any where about ihe word Changeable oil ibe fcale. 

I J. The greateft lidghts of the mcrcim in this countiy 
arc found upon eafterly and north-eaflerly winds; and it 
may often rain or fnow, the wind being in thofe pointy and 
the baiometci link Jlttle or none, or may evn be io ifac 
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riling flate the effcft of thofe winds «ftuiiterai5iing. Bui the 
mercury Gnks for wind as well as ma in all the other points 
of the compa& ; but rifes as the wijul lliifis about to the 
north, or to the eaft, or between thofe points ; but if the 
barometer fhoutd link, with the wind in that quarter, expeA 
it foon to change from thence ; or elfe, fliould the fall of the 
mercury be much, a heavy rain is likely to enfue. 

■ 6. The barometer being lower, and continuing fo longer 
tbanwhat can be accounted for, by immediate fells, or flormy 
weather, indicates the approach of very cold weather for the 
frafon ; and alfo cold weather, though dry, is always ac- 
companied by a low barometer, till near its termination. 

1 7. Warm weather is always preceded, and moftly accom- 
panied, by a high barometer; and the riSng of the barome- 
ter, in the time of cold weather, is a fign of the approach of 
warmer weather: and alfo, if the wind be in any of the cold 
points, a fudden rife of the barometer indicates the approach 
of a foutherly wind, which, in winter, generally brings rain. 

The baromeier is alfo found to fnilc in a certain ratio to 
its dilUnce from the furbce of the earth: it is, therefore, 
ufed for meafuring any accelGble heights. Various rules 
have been given by writers on the barometer, for applying it 
lo this purpofe, or computing the height afcended, from the 
fall of the mercury in the tube, the moll accurate of which is 
that of Dr. Halley, now greatly improved by Dc Luc, by in- 
troducing into it the correAion of the columns of the mer- 
cury and :ur, on account of heat, with other correAions and 
modifications. This rule isai follows, viz. 10,003 x logarithm 

M 

of « is the altiEude in fathoms, in the mean lemperaiure 
of J 1 degrees ; and for every degree of the thermometer 
aboie thai, the rct'ult mud be incrcafed by fo many dmef iti 
435th part, and dimioillied when below it. In thii theorem 
M denotes the length of the column of mercury in the ba- 
rometer tube at the bottom of the hill or eminence; and « 
VOL. II. X X denotts 



dHioitt the fame at ihe wp of the tnll or emiiHtne; aad k 
■ to be observed, that the rdultis always in htluiss of fi> 
Englilli liwt each. 

M ihe feale of varbiion in (be barometer is bat ftnd^ 
being inchideii within ftiree inchK, vii, tmm aS e» )t 
incites, ftverat contrivances hare been devifed for aUufbig 
the fcale, to render the ftnall vmiaiiotK of tbe mercury naie 
■I^Knt ; this has giv«n rife to tbe inveniion of To tmnjr 
diftnnt kinde of baromcterii i — .i few of tlie mofl impravtd 
ve te followiog : 

t. Tke Diaqanai Barometer, 



Thi^b a method of cQlaraliig tbe comcnon fcale of three 
inches perpendicular height, by extending it to any leng^t^ 
^C (fig. It), in an oblique direction. This barometer wic 
iarcrtect by Sir Samuel Moreiand. Tbe perpetuliculu- height 
of the diagonal part B C, is equal lo tbe fcalc of variidon 
of three inches, opC I; and confequently, while the mer- 
cury ill the common barometer rifes the whole length of the 
fcale, which is three inches, and equal to I C ; in thii buo- 
mecer it wilt move from B to C ; thus the fcale a enlarged 
in this barometer, in the proportion of B C to I C. But it 
k found, tliM the diagonal part C cannot be beet (rwa the 
ptirpendicular, more than in an angle of 4; d'X'WS which 
increafes the fcale only in the proportion of 7 to j. Thi( 
form is liable to fome inconveniences, on account of the 
liquity of the part B C, which makes the mercury frcqui 
ly divide into feveral parti, and renders it nccellaty to liil 
tube again. 



2. Tke Horixtmtal RedoTtgitlar Barffmettr. 



This barometer (fi^. u) was the inventioa of j*. 
peuUi, and CfJ^ai, and conJllb of a tube A C D F, feated at 
the upper end A, and bent to a right angle u D ; the end 
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F baa$ ape*. Tbe taeitury, in thi>, Aands in both 1^ 
from E to C. TIk fcale of variation from D lo F u twe 
made larger j and it is evident, in moving tliree inches from 
A to C, it will move as much more lu the fmall kg D F, as 
the area of the tube at A C is greater than that of D F : 
wherefore the moiioii of the toMcury at £ imrfl be nrj 
fenfible. Though itie ead of the tube F be <f)ea, j-et the 
Hwrcury caafiot run flui, being oppo fed there by tfic pcef- 
fure of the aimofpliere. Tliis inftrmn«t is founded on dot 
theorem in Hydroflaiics, th;it fluidc of the lame baie prefe 
aocacding to their perpendicular altitude, and aot «ccordiag 
to the quantity of their aiatier. So that the iarue preffure fuf- 
taios the quickfiiver, that filb the tube A D I', and tlte df- 
tem C, as would fui:^rt the mercmy ia ike tube alone. 
This form is, Imwever, Liable to fome iiictuaveniences ; for 
the flltriiion <if tbe mercut]' ;\gainft the lidc of the gla&, and 
the quick motion of it in the part D F, is apt to break the 
mercury, and render its motions unequal : it is alfb apt lo 
be throwu out ac the open cjid F, by any fudden fbock. 

3. Dr. Hook's irheel Sarometer {Fig. 13). 

This barometer tube has a large ball A at the lop, and is 
betM up al the lower etid, which is open, where au iron ball 
floats on the top of the mercury in the tube, and which bail 
is coniiefVcd to another ball H, hanging Jreely over a pulley, 
and Tnmiiig an index IC about m centre. When the mercury 
rifes in t!w part K, it raifn the ball, and tlie other ball H 
defcends, and turns the pulley with the index roanda graduated 
circle horn M towards N ; and the contrary way when 
the quicklilver and the ball (ink in the bent part of the 
tube. This fcale is ealily enlarged 10 or 11 fold, being m- 
cftnfod in proportion to tiie aitis of the pulley to the length 
of (be index K. If this inflrumcnt could be conilmAed 
without any frifiion of llie pulley and axis, it would atifwtr 
X X 2 extremely 



^4e Ot PNEtMATieS. 

;-, ,, .wr^ . I - !■ I ^g 

eattemely well ; but the friftibn often sbftrufb the oioti 
of tbcquickfilvcr. 

4- Mr. Co/well's Barofcope, or Barometer. 

Thi5 inArument is the mofl ufeful of any, for eiilafpng 
.fcale of variation, and at tl.f fame time being the moflcxaA. 
A B C D (fig. 14) is a bucket of water, in which h the 
barofcope, xria/ni, wiiich conlifts of a body xr/m^ 
and a tube, eius, wbich are both mncave cylinders, made 
of till, or rather glafs, communicating with each other. 
The bottom uf the lube, i u, has a ieaden weiglit to fink it, 
fo that the top of the body of the barofcope, or barometer, may 
fwim juft even with the fnrfece of the water, by adding the 
weight of il few grains to the top. When the inftniment is 
ibrced with its mouth downwards, the water afcrnds into the 
tube to thL' height of n, A fnull concave cylinder or pipe K 
added to the top, to keep the iLiftrumcm from (inking down 
to [he bottom, m tiinwin, w 5 and </ care two threads, 
obllqiietoihcfurfeceof the water, which anfwer as diagonals; 
for while the inftrumcnt finks, more or lefs, by an alteration in 
the gravity of tlie air, where the furface of the water cuts the 
thread, there is loimed a fmall bubble, which afcends up 
the thread, while ilie mercury of [he common barofcope af- 
Cends ; and vke ver/a. 

This infirumcnt, as the author bat ihown, marks die a)< 
tentioQ in the air 120c times more accurately than the 
common barometer, Thr: bubble on the thread will feUom 
iiand ftiti a minute. A fmail blall of wind, which cannot 
be heard in a chamber, wilt make it Gok fenfibly 
a cloud fa&ag over it always nL^k« il dcfcend. 
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The common iar*meter, or Ktalker-glafi, is nfuslly fit 
up in a neai mahogany frame ; and confifts of the common 
tube barometer, with a thermoneier by the fidt of it, and 
■ hygrometer at t[)e (op. 
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The Air-gun. 

This inftniinciit is aa ingenious pneutnatical i 
for driving a bullft, with great violence, by means of cod* 
denfed air, forced inio an iron ball by a condenfor. 

The condenfor (fig. i;) has at [be end a, a male fcrew, 
on which the hollow bail h is Icrewed, in order to be filled 
wich condenfed air. In the Inlide of this ball there is a 
valve, to prevent the air from cfcaping {after it it injcfled 
into it), until it be forced open by a pin, a (fig. t6). 

When the air i» to be condenfed into the ball, place your 
feet on the Iron crofs, k h, in order to hold down the pifton 
rod da then lift up the barrel <:o by the handles I'l, until the 
piilon t iif brought below the hole r ; the barrel i c and ball 
i will then be filled with air through the hole e. Then 
thruftdowr ihe barrel a*, until the pifton i/^^ reach the neck 
of the iron ball at <t; then all the air between v and a will 
be forced up through the valve into the ball ; and when 
the handles / i are again lifted up, the valve in the ball will 
clofe, and fo keep in the air: thus by rapidly continuing 
the flrokes up and down, the ball will prefently be filled ; 
then unfcrew the ball from the condenfor, and fcrew it upon 
another male fcrew, which is conneflcd with the barrel, 
and goes through tlie ftock of the gun (fig. 16). A bullet 
then being depolited in the barrel of the gun, ibe hammer of 
the lock at a (trikes againft the pin, which opens tlie 
valve in the ball, and lets out as much air as will drive a 
mulltet-ball to a confiderablc diAance. 

There are feveral kinds of air-guns; but that here de- 
fcribed, is the molt improved and ufeful, as the gun need 
not be any larger than a fmall fowling-piece : and feveral 
balls, filled with condenfed air, titay l>e taken to any dif* 
lance from home with very little trouble, and which will 
fave the trouble of filling the fame ball every lime it is wanted. 
A ball of 3 J inches didroeter may be made to contain twelve 
penny 
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^^^^^^ penny-weights of air, which will difdiarge 12 or ij buUctt 

^^^^^H with confiderable force. 

^^^^^P' Then are fome atr-gwH ihit hcvc a fmaUer bkrrel oon- 

^ tained wjlhifl a larger one; and the fpitc between Ae two 

^ft barrels holds the condeufed air. In this inilrainnit there » 

^t^^^ m vaWe fixed at a (fig. i6), with 1 coodenfm- fixed M the 

^^^^^L barrel at «, and continned through the but end to «, whetc 

^^^^H the i»iton rod may be left in. Here itte whole gnn ferres 

^^^^F^ biftead of itie handles 11 ([^j;. 15), (q cnndenfr (he air into 

^ the barrel. 

^V Tl^e magazine air-gun differs from the wbers, 1^ faamg 1 

^1 ferpeattne barrel, whkli contatM 10 or n btillett: theft 

^K ire brought into the barrel of the gun fnccel&re1y, by tneau 

H of a lever; and theyniav be difcharged as faftas if iheywiW* 
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1. riYoaosTATJCs treat of the eqniltbiiatn rf fluMi; 
or the gravitation of fluid bodies retnaming at reft. Wttea 
this equilibrium is removed, and the fluid body let m 
motion, the effects it then produces are called ffydraaHa, 
J. A fypim K a bent tube (fig. j, plaw 13). 




3- A yal-v is 1 kiwi of flap or cover, lixed to a pipe, or 
tD the Rpenure of any budy, ind which, by opming onlf 
«ne way, fiiStrs inter or any fluid body to pais, bat not M 



4. A Pifin is a fmall cytiader^ fixed to the end of x 
rod, and filted to the bore of a pipe, and frequently con- 
tain! a rilTe> 



I. All fluids, except >lr, are incompreffblc, or Incapable of 
bang coniprelTctt into a Ids fpace. 

3. In a veflel of water, or any other fluid body, the pref- 
&ire of (be upper pans on (be lower is in prc^rtion to the 
deptb i and 'a the (anie at the faoie'depiii, whatever the 
diameter of the vefiel may be. 

}. The preffiiK of a tluid upwards, is equal to its prellnre 
downwatdt, at any giren depth. 

4. The bottom and fides of a veflcl an prrlTed ky dM 
fluid it contains, in pn^ortioa to its height, wkhoul any 
jegaid to the quantity. 

;. If fluids of different gravities be contained in the fame 
TcflH, tht: heavietl will be at the bottom, the lighteft at ihc 
■op, and the others will be ^ther iMant from the lop in 
proportion to their Ipccific gravities. 

6. The direiSion of the prefTiire of a fluid againft the 
fides of ibe vefifcl which contains it, is in lines perpendicu- 
lar to the fides of fuch ve(&l. 

7. A body that is heavier than an equal quantity oF 3 fluid, 
wifi fink in that fluid 1 but, if it be lighter, h will fwim at 
the tnp of the lame fluid ; and if it be of the fame gravity, 
it will neither fink not fwim, but will retiutn fufpended in 
any part of the fluid. 

8. A foiid immerfed into a fluid, is prcSed by that fluid on 
all fides, in proportion to the height of the fluid above the 
folid. And bodies very deeply immerfcd in any fluid, may 
b« confidcrcd as equally prefTed on all fides. 
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obkh, wmli a cenaia depw kf ooU^ naas la ioe. 

s. WaKT a one of dK co Hfaue w parts of aS baAa ; s 

okIis boots, aad ft«aci| pnlrcnznl, coofiudy yield a 
SBFtni niuiMKy of water. 

3. TtMH^ tmdnj b conmooif icgarded as ao rffaiiat 
, ftopaty of water, yet many ptukrfbpfaen, puiiaUj Ayle, 

^M)iMNE, and Dr. BiMi, of EdJnbu^i, coniider b n an 
adveadjioui cimimfiance, and produced by a certain degree 
of beai ; and therefore aflen iis natural flaVe to be dst of 
cryftallioe, as wbcn m ioe. 

4. Water is a more peiietiatiiig body than air, though h 
be lefs tranfpaieat; for it will pervade bodies ^t or will 
not : as is evident from 1:% paffing through the poies of a 
bladder. 

;. Some bodies are diflblTed by water, u tabs: whik it 
coc^lutioaie^ others, as bricks, Itooes, bones, tec 

6, Water owes its Auidiiy to heat, and it contains ao &ull 
quantity of air ; aiid the fedimeat found in all water which 
bat not been dilliiled, always contains a quantity of canh. 
From which laft dement it is fupptded that plants derive 
alt their notirifhment. 
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SECT. I. 

OF FLUIDITY. 



Ifaac Newton's deHniliot), 

trrjjcd, ami which has ilt f 



A FLUID body, in Sir 

ioi/y jUliiin^ to any fore 

vay tafily moveil nne anvmg anaihci: This is the definition of 

a pcrfefl fluid ; if tlie fluid require fome feiifible force to 

move its parts, it is an imperfeiS fluid j and the imperfeftion 

is in proportion to that fot'ce : fuch perhaps are all the fluids 

with which we are acquainted. 

Fluids are cirher elaftic, fucfi as air; or non-elaftic, as 
waier, mercury, &c. The laaer are incomprefliblc, and 
occupy ilie fame fpace under all preflures or forces; but the 
former dilate and expand themfclves continually, by taking 
ciS the external preflure from them. Tlic pronerdes of the 
former fluids conftituce the doflrine of Pneumatics, before 
treated of; the latter contain the principles of Hydroftatics. 

Fluidity diffen from liquidity, or humiJity ; the latter im- 
plying wetting or adhering. Thus, air, ether, mercury, 
and otlicr nielied metals, and even fmoke and flame, are 
fluid bodies, though not liquid ones; wliile water, beer, 
milk, &c. are both fluids and liquids. 

The modern opinion concerning the original and conftitil* 
ent jiarts of fluids, is, that they are fmall, fmooth, hard^ s'*^^ 
bular particles ; confequently, each particle'muft be a folid 1 
globular bo<iy i aud confidered lingly, is no fluid; but be- 
comes a fluid, by being joined with other particles of die 
fame or a Jimilar kind. 

That the particles of fluid bodies are very fmall, is evident, 
from their teiriure having never been difcovcred by the fineft I 
microfcope: tliat they are fmooth, appears from that free- i 
dom wherewith they glide over one another, when fet in mo- 
lion ; that they are hard and impenetrable, is plain from their 
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being iiicapalile of compi-.-ffion : and that tbey are fpherical, 
K obvious, frtim their being lb eaGly put in motion ; and 
from the inter flices or vacancies, which are hereafter proved 
to fubfift between them ; which could not be the cafe, unlefs 
they were fpherical, and touched each other only in fome 
fingle poinu uf iheir furfaces. For, upon mixing file with 
water, a certain quanlity of the fait will be difTolved, without 
increafing thedimenfionsof the water; which demonOniies 
the vacuities beiujen the particles of the water. When a 
fiuid becomes more buoyiiot, it is a proof that iti fpecilic 
gravity is increafed, and confequentiy, many of its vacuities 
filled up ; and even then it may receive a certain quantity of 
other diflbluble bodies, ihe particles whereof are adapted to 
the refiialning vacancies, without adding any thing to its 
bulk, though the ::bfolute weight of tbe whole fluid be 
thBteby increafed. This is deraonftrated by taking the 
we^bt of a phial of rain water with a nice balance '. when 
the water is poured out, and fome fait added to it, and the 
phial again tilled with the water, it will be found to weigh 
more than when before the fait was put in, from the va- 
cuities of the frelh water being filled with falinc panicies. 

It has alfo been found by eyperiraent, that the particla 
whereof fluids are coropofed, conllft of fpheres of ditfeiem 
diameters, whofe interftjces may be fucceiEvely filled with 
proper ingredients; and where liiefe inierftices are fmaller, 
the gravity of the fluid will be greater, and -ake verja. 

For example : If a barrel be filled with any large fphericri 
bodies, as bullets, many fmall Ihot may afterwards be placed 
ill the interftices of thefe bulkis ; the vacuities of tlie fljot 
may then be filled with fea fand ; the interftices of which 
may again be filled with water, which will alfo admit of ■ 
certain quantity of fait in the vacuities; and thus tix 
weight of the barrel may be greatly increafed, without in- 
treafing the fpace occupied by thefe materiala. This reafon- 
ing flifo holds good in fluid bodies, as we'll as in thofcwbkh 
are folid ; for river water will diflblve a certain qiuntil]> of 
fait) 
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fait; after whicb ir niil diflblve a certain quantity oi iugarj 
aod after tliat x certain quantity of alum ; and il;e:i perhaps 
will receive other diflbluble bodies, without iucrcafing the 
dimenfioiis of the whole. 

If fluids were not compounded of fuch prim.try particles, 
but made up of one homoge:ieouj fubftaiice, equally iloiile, 
wittioiit confifience, there would be no difference in their 
fpecific gravities, and all Suids would be of the time weight, 
which is not the cafe. 

That a fiuid has vacuities, is evident from tbe fnllowing 
con G deration, viz. if all fpace were abfuliitely full of matter, 
that matter muft be cither fluid or fixed. If ir were fixed, no 
motion could polfibly be therein, a; is evident .from reafon 
and experience; it mull therefore be fiuid. But a fluifl with- 
out vacuities would be denfer, and confequcntly heavier, 
than all other fiuidt; and if denfer, all bodies will emergs 
and fwim at the top, by hydroflatical laws, and there 
would be no fuch tiling as gravity. But as gravity exiHii, 
all fpace therefore cannot be liJIed, even with a fluid. 

By the experiments of Sonelli, it has been demonftrated, 
that the condiment parts of alt fluids, are not fluids ihem- 
felvcs, but confiftent bodie*; and that the elements of all 
bodies are perfeftly firm and hard. The incomprclEbility of 
water, proved by the Florentine exT>eriment, is a fufiicient 
evidence that each primary particle of this fiuid is a perfeA'l 
impenetrable folid. 

This famous experiment was firft attempted by the inge- 
nious Lord ^crv/cjn, who enclofcd a quantity of waiter in a 
, piece of lead, and found, that the waier would looncr niak* 
its way through the pores of the lead, thnn de reduced to 
lefs compafs, by any force tliat could be applied. Thk expe- 
riment was afterwards made at Florence, with a globe of 
fitver; which being filled with water, *nd well cWed, waa 
gently prefTed, when a fma!l quantity of water iffiwd through 
Ibe pores of the filver in the form of dew, 

T * a The 



9.,Tbefpecific gravity of a folii! th-r is li^h 
fluid in which it is immerfed, is found by the ioil 
cefe. Toihe lighier body, whofc fpscilicgravity 
annex another body, that ib much heavier tb?.n the fluid, 
that the compound mafj may fink in the fluid. Weigh 
heavier body, and the compound inafs, feparately, both m 
water and out of it ; then find how much each lofcs io wa- 
ter, by fubtrafting its weight in water from its weight in air ; 
and fubtraA the leG of thefe remainders from the girater] 
then fay, as this laft remainder is to the weight of the ligi 
body in air, fo is the fpecific gravity of the fluid 
cific gravity of that body. 

10. The fpecific gravities of bodiesof equal weights are 
reciprocally proportional to the quantities of weight lofl in 
the fame fluid. Hence is foimd the ratio of the fpecific gra- 
vities of follds, by w^hing in the fame fluid, nuOes of 
them that weigh equally is air, and noting the wei^t loft by 
each. 

11. A body defcends in a fluid tliat is fpecifically 
lighter, but afcends in a fluid that i^ fpecifically heavier, 
with a force equal to the difference between its weight and 
the weight of an equal bulk of the fluid. 

la. A body finks in a fluid that is fpecifically heavier, fo 
lar, 3£ that the weight of the body is equal to the wright of 
a quantity of the fluid of the fame bulk as the part of the 
body which is immerfed in the fluid. Therefore, as the 
fjwcific gravity of the fluid is to that of the body, fob the 
whole magnitude of the body to the magnitude of the pait 
immerfed. By this theorem is found the abfolutc weight of 
any body immerfed in a fluid : for the wdght of tliaC 
quantity of the fluid which is difplaced by the folid body is 
always equal to the whole weight of the folid j thus, if a 
boat on the water be fo loaded, that it difplace three cubical 
feet of water, its whole weight will be 3000 ounce* or iK^^ 
pounds, that being the weight of three cubical feet of water, 

13. In equal folid; the fpeci&c gravities arc as their parts 
iiamecfed in the fame fluid. Ths 
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The foregtring theorems have been fufliciently demonftrated 
by various authors, from the principles of mechanics : they 
are alfo evaAly conformable to axfierietKe; as hath been 
fufficienily proved from fevcral courfes of philofophical 
experiments. 

Various tables have been given, by different authors, of the 
fpecific gravities of many kinils of bodies. It will be futS- 
cient in this place to give the fpecific gravities of fome 
of the mod ufeful bodies that have been determined with 
greater certainty and accuracy. The numbers in this table 
ex pre fs the number of avoirdupois ounces contained in m 
cubical foot of each bfidy i that of common water being jtift 
1000 oances, or 62^ pounds. 

Table ofjpecijic Gravities. 
1. Solids. 



Platinit, pure . . 


13000 


Crude antimony 


4000 


Fine gold . . . 


19640 


Diamond 


3S'7 


Standard gold 


18638 


Granite 


35 JO 


lead . . . 


11345 


White lead . . 


3160 


Fine filver . . 


nog. 


laand cryfiat 


1720 


Standard (ilver 


•05J5 


Marble 


270; 


Copper . . 


. 9000 


Pebble-done 


. a 700 


Copper halfpence 


- S9t; 


Rock cr\Ka! . 


2650 


Gun-metal 


. 878+ 


Pearl '. . . 


2630 


Fine brjfs 


8350 


Green gUfs . 


. 2600 


Caft brafs . . 


Sooo 


Flint 


2570 


«teel . . . 


7850 


Onyx ftone . 


, 2510 


Iron . . . 


■ 764 s 


Common ftone . 


3500 


Pewter 


7471 


Cry (la] . 




Caft iron 


• 7+1 S 


Clay 


2160 


Tin 


7320 


Oyftcr-niclls 


309a 


Lapis calamiiiaris 


• S-^oa 


Brick 


2000 


Loadftone . . 


4930 


Common earth 


, 1984 


Mean fpecific gray ii 


yof 


Nitre 


iqoo 



1 



the whole earth . 4500 Vitriol 
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Alabaftcr 


. >87+ 


Brazil wood 


1031 


Horn . 


. .S40 


Box wood . 


1030 


I»ory 


182; 


Bees wax 


9S5 


Sulphur . 


. iSto 


Butter 


940 


Chalk 


';9J 


Oak ... 


9*3 


Solid gunpowder 


• I74S 


Gunpowder, (bakcn 


9za 


Jlum . 


171+ 


Logwood 


9>3 


Ipiy bone 


. 1660 


Ice . . . 


90S 


%«i . 


iSao 


Afli . . . 


800 


Lignum vi,. 


IJ37 


Maple 


7Si 


Ccnl 


• '^So 


Beech 


700 


J« 


. 1258 


Eiin . . . 


600 


Ebony 


"77 


Fir . . . 


SSo 


Pitch 


11 JO 


Sallafras wood 


43. 


Rofin . 


ItOD 


Cork 


140 


Mahogany . 


lafij 


New-fallen fnow 


86 


Amber ' . 


1040 








2. Fluids. 




Quick (11 ver 


.36C0 


Ale 


tOaS 


Oil of viiriol . 


1700 


Vinegar 


1036 


Oil of tartar . 


• «SSo 


Tar ... 


101 s 


Honey 


- '45° 


Common water . 


1000 


Spirit of nitre 


■J'S 


Dillilled water 


993 


Aqua fortis 




Ked wine . 


990 


Treacle 


1290 


Proof fpirits 


93»' 


Aqua regia . 


■ '2J4 


Olive oil 


9*3 


Human blood 


. 1 05+ 


Pure fpirits of wine 


866 


Urine . . 


103a 


Oil of turpentine . 


Soo 


Cows miik . 


. lOJ. 


^tber . 


7*6 


Sea water 


. 1030 


Common air 1.239, « 


■.'A 



As thefe numbers are the weights of a cubic fool, or 
-1748 cubic inches of each of the foregoing bodies in avoir- 
dupoi^i ounces, the quantity, in any other weight, or the 
weight of any other quantity, may be found by proportion. 



For example, required the conieni of an irregular block of 
common ftone, weighing one hundred weight, or i jqz 
uuncesi here, as 3joo, the ounces in a cubic foot of com- 
mon flone, is to 1792, lb is tyiS, the inches in a cubical 
foot, to 1336^ cubical inches, the contents. 

Again, what is the weight of a block of granite, the length 
whereof h 63 feet, and the breadth and thicknefs each 11 
' feet, being the dimenfioiis of one of the ftones of granite in 
the walls of Balbech ? Hm the foiid concejit of this ftune is 
9072 feet ; therefore, as i is to 9072, fo is 3500 ounces to 
31,753,000 ounces, or 885 tons 18 cwt. 3 qrs, the weight 
of the Hone, 
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THE CONSTRUCTION AND USE OP THE HYDHOSTATIC 

BALANCE, HYDROMETEB, AND HVURO- 

STATIC BELLOWS. 



I 
I 



The HydToftatk Balance. 

The hydrofhtic balance is the mod convenient inHninient 
of any hitherto invemed, for difcovering the fpecific gravity 
of all fubfianccj, whether fluid or folid. Jt is conAru^ted 
in vaiious forms; but that which is mofi geneially retained 
is the following! 

V C G (fig. I, flaU S3) is the fiand or pillar of the mflru- 
ment, which is to be fixed in a table. From the top A. by 
two filkea firings, hangs the hotizonial bar B B, from whieU 

VOk II. z z j) 




it fufpended by a ring i, the fine beam of a balance i, which 
it prei'eiitcd from defcending too low on each fide by the 
gcnily fpringing piece /, *,_/, x, fined on the fopport M. The 
harQeTs is annulated at a, to (how exaSly the perpendicular 
poGtion ol the txsmrn, by tfie ftnall-poi tiled ii>dex fixed 
abo*e it. On each fide of the piece A is a pxilley, orer 
which pafles a firing, which goes down lo the bottom on 
the other fide, and hangs over the hook at V, which hook 
is moveable about an inch and a quarter, backward and for- 
ward, by means of the J'ciew P, fo that the balance may be 
ruled or deprefled fo much. But when a greater ele*ation 
or depreffion it re(]iiired, the Aiding piece S, which carries 
the Icrew-pin, is readily removed to any part of the fquar< 
brafs rod V K, and fixed by meant of the fcrew. 

By thefe means the motion of the balance b adjufied ; the 
other parts of the apparatus are as follow : D i» a piece to 
fupport the fmall boanl H H, fixed under the two fcales J and 
t, and is moveable up and down by a long flit in the ptUar 
above C, in which D Aides, having a fcrew in the back part 
to fallea it when ncceflary. From the bottom of the middle 
of each fcale d and e, hangs a brafs wire a J and o c, by a fine 
hook ; thefe wires pafs through two holes, n «, in the U^\e, 
To the wire a J 'a fufpciided a curious cylindrical wire r x, 
perforated at each end for that purpofe. This wire r i 'u 
covered with paper, graduated by equal divifions, and it 
ibout five inches long. 

In one corner of the board, at £, is a fintd tube of bnii, 
on wiiich a round wire il h (o adapted as to move fomewbal 
freely, by its flat head I. Upon the lower part of tMs ido»» 
another tube Q, which has fnfficicnt friftion to mikp it rt« 
main many pofi[ion re^juired; to this is fixed an index T, 
which moves horizontally when the wire /i I is luracd tduiuS j 
and therefore may be eafily fet to the graduated wire n. To 
the lower end of the wire >■ > hangs a weight L, which has 
' a wire^e, with a fmall brafs ball g at the end, about a 
; quarter of an inch in diameter. On the oti 



the other fcalc, hangs, by means of a horfe-liair, a largf; 
gUfs bubble R. 

To apply this inftnimenl to ufe, let the weight L be taken 
away, and a wire^ n be fufpended from the hook /; and let 
the bubble R be taken away from liie other fcale, and a 
weight fufpeoded in the room thereof, Suppofe the weight 
to be fufficient to keep the parts belonging to the other fcalc 
in equilibrium ; and that the niddle point of the wire^ n h 
at the furface of the water in the vcflcl N. And, Nnic, the 
wire pnhto be of fuch a lize, that the length of odc incb 
fliall weigh four grains. 

It is evident, thai as brafs ii eight times heavier than water, 
for every inch the wire finks in the water, it will become an 
eighth part lighter, which is half a' grain ; and heavier in 
the fame proportion, for every inch it rifes out of the water : 
thus, by finking it two inches below the middle point, or 
miting it as much above it, the wire will become one grain 
lighter or heavier. Therefore, wiien the middle point of 
the wire is at the furface of the water, if the balance be in 
equilibrium, and the indcs T fet to the middle point a of 
the graduated wire r i, and the diRance on each fide a r and 
a i contain an hundred equal parts ; then, if, in weighing 
bodies, the weight is required to the hundredth part of a 
grain, it may be eafily found by the following method : let 
the body to be weighed be placed in the fcale J, put the weight 
X in the fcale c, and let this be fo adjufted, as one grain more 
fliall be too much, and one grain lefs too little. Then, by 
moving the balance gently up or down by the fcrew P, all 
file equilibrium be exaflly fliown at O ; if the index T be 
at the middle point a of the wire r i, it (hows that the wdgbt j 
put in the fcale e is JuA equal to the weight of the body. 

The foregoing method difcovers the abfoiuie weight of tfaaa 
body J but to find the relative or fpecific weight, it murt be ^ 
weighed hydrofiaticilly in water, as follows : — Inlkad of put- 
ting the body to be weighed into the Icale 1/ at before, let it 
hang by a borfe-hair, as the weight R, fuppafiog the veflel 
z I 3 of 
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of water O were removed. Then the equilibrium being 
made, tbe index T flandiug bclweea a and r (hows the 
weight of the body. As it hangs I'nuf, let ii be immetfed in 
the water of the veflel O, whcoi! will become much lighter, 
the fcale t delcending till the beam of the balance rcfl on the 
fupprrt X. Then, if too grains put in the fcale J willexaAlv 
reftore the equilibrium, fo that the index T ftandi at the 
36ihdivi|]on alwvea, il is evident that the weight of an equal 
bulk of water would be exaAIj' loo grains. 

In tbe fame manner tht$ bahnce may be applied to find 
■be rpecific gniviciej of fluids. 



The Hydrometer. ^H 

The hydromcicr difcovcrs the fpecific gravity of fluid* 
only ; for which purjjofe it is the moft actniratr, «fy, and 
expedilious ifillruirent of any. 

This inffniment confiOs of a copper ball D (fig. a>, to which 
15 foMcred a brafs wire A B, a quattir of an inch in dla- 
meter. The upper pan of this wire ii filed flat, and marked 
PfMf at m ifit^. j), becaufe it finks exaflly w that mark in 
proof fpirits. There arc two other marks at A and B C%. a), 
to fliow whether the liquor be one tenth above or below 
proof, according as the hydnimcttr finks to A or rifcs to B, 
when a bjafs weight, C or K, is fcrewed to its bottom c. 
There arc alfo other weights to fcrew on, which fliow the 
- fpecific giaviiy of feveral different fluids as low as common 



Tlw round part of the i 

marked fo as in reprelent rivi 
<fiS- 3)t thK weight which-a 
fcrewed on. When it is pni ij 



ire above the tiall Ihould b? 
r water, when it liokv to R W 
ifwers to that water being then 
fpring water, mineral water, 



iVa water, and water of fait fpriugs, it will rife to the tnsrta 
«P, MI, SK,andSA, refjieftively. On the contrary, whea 
if is put iofo Bijflol Hater, rain water, port wioe, and moun- 
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tain wine, it will refpeilivdy fink lo the marks i r, r a,f<e, 
and m 0, Iiitlruments of this kind arc fomclimes called 
Areometers. — And, Neic, iliat the globe D 17!^. a) (liould 
be made of copper ; for ivury imbibes fpirituoits liquors, and 
confequently al;ers their gravity ; and gbfs globes require 
too mudi attention. 

This hydrometer was [he inventioji of Mr. Clarke, and 
anfwers very well to difcovcr the fpccific gravity of fpiritnous 
liquors, and to Ihow whether any fpirit be above or below 
proof, andhfjw much. 

But the moft pcrfeft hydrometer is that leprefented in 
figure 4, which may be made to fliow the fpecific gravity of 
fluids to the greateft degree of exaflnefs. It confiifs of a large 
hollow ball B, iviiU a fmaller b.iU i, icrcwcd lo its bottom, 
and partly filled with mercury or fmall lliot, in order to 
render it but iiitlc fpedfically lighter than water. In the 
larger ball at O, there is a (hori nick, into which is ftrewed 
Ihe graduated brafs wire A C, which has a fmal! -veight A 
at [he top, to cr.ufc the infhi)ment to ilefcend in the fluid. 

When this inftnimeni is immerfcd in any tiuid contained 
ill 3 Jar L M, the quantity of ihc fluid difplaccd by it will 
in equal in bulk to that part of the inftrument which is 
tmder water, and equal \n weight to the whole inftrument. 
Therefore, if ihe weight of the whole inflrumeiit be 4000 
grains, we can by thefe means compare the different dimcn- 
fioDE of 4000 grains weight of fevera! foris of fluids ; for if 
the weight A be lufficient to fink the inftrument in rain 
water, till the middle point of the fiem, marked 20, come lo 
the furface of the water ; and after that, if it be immerfcd in 
common fpring water, and'ihe furfiice of the water ftand at 
one tenth of an inch below the middle point 20, U is evident 
that the fame weight of each water differs only in bulk by 
the magnitude of one tenth of an inch in the ftcm of the 
Inflrunient. 

Then, fuppofe the flem of the ialtniment lo be t(n 
Jnchei in length, and to weigh juft loo grains ; every tentlj 

of 
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> and that even to the thirty, forty, or fifty -thoufandth part : 
I is Iniinitely fuperior to the common methri ufed by 
excife officers and others, of ihaking the (pirits in a phial, 
and forming a judgment of ihe ftrengih by the breaking of 
the bubbles. 



Of the Syphon. 

The fyphon is a bent tube ufed to decant fluids from any 
(landing vefftl ; and ferves to perform fome curious experi-' - 
ments. It depends upon the prefliirc of the air; and may| 
be made in various forms. 

If a fmall fyphon, whofe legs are of equal length, be filled 
with water, and the ends turned downward, the water will 
remain fufpended in the fyphun, as long as it is held exaftly 
level; but when it is the lead inclined to either leg, whereby 1 
in effefl one leg is made ftioner than the other, the w 
will run out by tl>e longer leg; for the air being a fluid, , 
nhofe denlity near the furface of the earth is to thai 
water as i to 850 ; and according to the nature of all fluid 
bodies prejfing the fiirface of all things expofed to it every 
way equally, it muft nee efiarily follow, that the weight of.j 
the atmofphere above, being kept off by the machine, 
the air below bearing againft and repreffing the water, which 
endeavours to fall out of either leg with equal force, keeps 
it in fufpenfc, and prevents ita falling. But if the fyphoa 
be the lead inclined to either leg, one of the legs is in effeft 
fhorcened, and the other prolonged ; by which advantage is < 
given to the weightier fluid in the longer leg to preponderate 
or overweigh the other part of the fluid in the other leg; I 
and the water will all defcend by the longer leg. 

The lead inclination of ihe fyphon to either end will be ■ 
fuflicieat to produce this effeft, whicii may be proved by 
experiment, thus;— Hang a fmall fyphon, whofe legs are 
of equal length, upon the edge of a jar filled with water; 

n from the (loping of the jar, the external teg of the 
fyphon 



fyplion u'Ul ftxncw'hat incline, and [|>e lyphon will loon 
begin to afl, and the water will dcfcenil from ibe jar, 
through it. But in pnflice, one leg of tlie fyphon is ufually 
made longer than ibe other leg; and the /liorter leg is put 
into the liquor, when tbe fluid will be decanted by the 
longer leg. 

If the [HO legi of the fyphon (fig. 5) wtrt of equal 
length, te ruminating in tlie plane A B, and the fyphon held 
exaftly level, and then filled wiih liquor, no morion of the 
fluid would lollow, till an advantage in puini of gravity be 
given to one tide, hf inclining it. Bui infleed of which 
iiiclinaiion, one of llie legs is lengthened in general, perhaps 
a few inches, as from B to C ; and which, prcviom to the 
operatioji, is generally filled, as well as tlie reft of the ly- 
phon, with fome fluid, many degrees heavier than wr: by 
the gravity of which, the oppofite fide becomes greatly over- 
balanced, and the liquor in this machine is decanted very 
rapidly. 

The fyphon is fometimes difguifed in a cup, when no 
liquor will (low through it, till the fluid be raifed therein to 
a certain height i and when it has once begun to flow, it 
will continue till the vcCTel be emptied ; this is called a fy> 
phon difguifed. Thui, D D (fig. 6) is a cup, in the centre 
whereof is fixed a glafs pipe or fyphon C B, continued 
through the bottom at ; over thi$ pipe is put a glafs tube, 
made air-tight at to[i, by tlie cork C, but left fo open at the 
bottom, by boles made about D D, that tbe water may freely 
rife between the two tubes, as the tup is filled. When any 
fluid is poured into this cup, no motion will take place 
through the fyphon, till the flviid in the cup fliaJI have 
gained ihe top of the innermoll pi|ie at C ; hut when the 
fluid is arrived to thii height, it will begin to flow ihrough 
ihe lyphon, which runs through the bottom of ttic cup, and 
will continue to rife up ihc infidc of the outer tube, and 
defcend throuoh the inner tube, till the whole fluid in tbe 
cup be run off j whidh is owing to the fluid at iti firll riling 
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through the tubes, e:(pelliiig all the air from them, while 
the weight of the atmofphcre prefles on the furfkce of the 
fiuid in the cup. 

This is fometimes called Tantalus's cup, and has a hollow 
figure, reprefenting Tantalus, placed over the inner tube, of 
fucb a leugth, that when the fluid ib got nearly up to the 
mouth of the figure, the fyphon begins to aA, and empty 
the cup. 

This is the fame in efieft as if the two legs of the fyphon 
were boih in the veflel (fig. 7), when the water poured into 
the veflel will rife in the (liorter leg of the fyphon, 10 its own 
level ; but when it has gained the bend of the fyphon, it will 
begin to run off by the longer leg, and continue running till 
the veffet be emptied as low as the extremity of the Iliorter 
leg of the fyphon. 

The fI>/drojiatical Paradox. 

A)i jKontify rf fluid, liovieoer fmalJ, may he made le cornier- 
ftift, and fafiain any Ktighi, lurai Urge /iiever.-~'ThU is called 
the hydrolialicai paradox, and depends upon the equal pref- 
fgre of the parts of fluids every where at the fame depth. 

Let A B D G (fig. 8) reprefenl a cylindrical vefTel, to the 
inCde of which is fitted a cover, which, by means of leather 
round the edge, will ealily (lide up and down in the velTel, 
without permitting any water to pafs between its edge and 
lite furface of the veflel. In the cover is fixed a fmall lube 
E F open at the top, and extending through the cover at the 
bottom. Then, ihe velTel being filled with water, and the 
«uver put on, and loaded with a weight, fuppofe of a pound, 
it will be deprefled, and the water will rife in Ihe tube to E, 
and the weight will be fuftained. If another pound be laid 
00 the cover, the water will rife to F, and the weight alfo 
be fuftained : and thus the water will rife higher in the tube 
in proportinii to the weight that is laid on the cover. And 
though the weight of the water in the tube b« but a few 
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f X kepuiatotfce 

^ ■»«< nrf Che «H>dea (Tbte M )£ «iU he itf;, 
> to ife itt of Ae UiMT cytn^ 4 

TIr Hydroflgik BeUm>t. 

I :» Tte hyrt w i flw k fcrftowi b the belt in fiiiMm lir. 

S Ifcr Mfrwui {MMfare of fitddi. h ookUs tf t*0 
ndi tjeaenliy 16 er ilHiiilinai irwirifr 
10}, Md Joined 10 cKh (Mber bv leather, idod tigfir 
■•QWDd (heir cdgo, fo itiat the tvo bomlt naj opem vd Ihut 
f'Ufce » pair of common belion, but witttoui any mKci and 
M.tipe, generally ihrec f<t in Iniph, it fixed inistlie &dc flf 
tbc t>el!ow». To prove the upward pteffure ai Aitiih, kc 
lame waier be poured down die pipe of (be beUows, wUdk 
<viU aiain betwccB the two boards ! tben by foiK wdgte 
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Upon ilic upper board of the bellows; as, fuppofe three 
weighrs, weighing loo pounds each, and pour mfrc water 
into the pipe, which, by runrtiiig into Che bellows, will raife 
tip the board with all the weights upon it; and if the pipe 
be kept full until the weights are raifed as high as the board 
can rife, the water will renuin in [he pipe, and fupporc all the 

. weights; though the water in the pipe weigh no more than 
B quarter of a pound, and [hR weights on tlw bellows 300 

' jxHiiids. 

The reafon of this experiment appears evident frem what 
has been faid of the preffiire of fluids, of equal heights, 
without any regard lo their quantities. For if the tube be 
lived in the upper board of the bellow;, inftead of the fide, 
the water will rife in it to the fame height as it did in the 
pipe, in the former cafe ; and if as many tube* were fixed in 
the upper board as it would contain, the water would rife 
ai high iri each of iheoi. The preffiire of the fluid upwards 
H thus computed ; — If onepipe he fixed iti the upper board, 
and Ihc pipe bold juft one quarter of a pound of water, and 
if a perfoii put his finger upon the hole of the pipe, when 
ibe fore -mentioned weights are placed upon the bellows, he 
wilt find his finger prefltd upwards with a force e<jual to a 
quarter of a pound ; and as the fame preffiire is eqtial upon 
equal parts of the board, each part whofe area is equal to 
(he area of the hole of the pipe, will be prelTcd upwards with 
an equal force, that is, wiih a force equal to that of a quar- 
ter of a pound ; the fum of all which prelTures againft the 
under fide of an oval lioard, 16 inches broad and [8 long, 
■will stnount to 300 pounds; and therefore this quantity of 
weight will be nifed up, aiid fuftaineil by only one quarter 
0f a pound of water in the pipe. 

It is by this inftrument that a man may raife himfelf up. 
wards by his breath ; for if he ftand upon the upper board, 
ind blow through the pipe, he will raife the upper bo;ird of 
(be bellows, with liimfelf upon it ; and the fmaller the bore ■ 
•f the pipe is, tlie more eafily is the operation perfbrmerf. 
3 A 3 Ami 
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weight, which will then be too gr«l /or the preflure of the 
water round the tube upon the column of water below it. 

Again, a piece of wood, however light, may be made to 
lie at the bottom of the water, by notfuffering any wafer 
to get under it. Thus, having two pieces of wood, planed 
quite flat and fmooth, fo that no water may get benveen 
them, when they are put together; and cementing one of 
the pieces, as a i, to the bottom of the veflel A B, place 
the other piece upon il, and let it be hi;ld down by a ftick, 
while the water is poured into the velTel ; then, upon remov- 
ing the ftick, the upper piece of wood will not rife from the 
lower one, being prefTcd down both by its own weight, and 
the weight of all the water above it, while the contrary pref- 
fure of the water upwards is kept off by the wood placed 
beneath it; but if the lop piece of wood be raifed ever fo 
little at any part of its edge, fome water will get under it, 
which will be forced by all the weight of the water above, 
and will immediately prefs it upwards; and being lighter 
than its own bulk of water, it will fioat upon the furface of 
the water. 



To prove that all fluids we 


ghjnft 


as much in their own 


elements as they do in open a 


r, put a 


s much fhotin a phial 


as, when corked, will make i 


(ink i 


water; then let it be 


weighed, both in the air and 


nthew 


ater, and the weight in 


each cafe wrote down ; then. 


as the 


phial heogs fufpended 



in water, and counterpoifed by another weight, pull out the 
cork, that the water may run into it, when it will defcend 
and pull down that end of the beam. Next, put a) much 
weight into the oppolite fcale as will reftore ibe equilibrium ; 
which additional weight will be found lo anfwer exaiftly to 
the additional weight of the phial, when it ii again weighed 
in the air with the water in it. 

The velocity with which water fj)outs out of a hole, or 
through a tube in the fide or bottom of a vclTel, is as the 
fquare root of the depth or diflance of the hole below the 
furfece of the water. Therefore, in order lo make double 




at the veffc], at equal dirmoccE above anH below the pipeD, 
(be perpradicular C r asd £ r, frmn thefe pipes to the Tcnd- 
«ircle will be equal, and the jets F and H, which fpout ham 
them, will each go to the fame horizontal dilhncc N K i 
which is double the length of either ihe equal perpendiculan 
Cr aad £e. 



CHAP. XIX. 
HYDRAULICS. 



OF fUMP-WORK. 

riYDEAVLict is (h^t part of thedoArineof fluids which 
treats of the propenies of fluids in motiou, with a (peciAl, 
aRention to artificial water-wocks: and in this fenfeitftaix 
appofed to hydroilatict, which concern fluids, at they rem 
It refl. 

The laws of Auid bodies, ai given in the hit chapter, 
■ obtain alfo in this, and therefore need not be repeated. 

4 Thft_ 
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Tbc j;: Hiicft beneht mankiml has received from the fcience 
•f hydraulics is ihe conftruflion of the water-pump, firft 
iuveuted by Clefcbts, a mathematician in Alexandria, about 
120 years before Chrili; and it depends for itsaftioD upon. 
Ihe prelTure uf the atniof]ibrre. 

That Ihe prelTure of the air on the furface of the water is 
the caufe of the water rifing in the pump, has partly been 
demoiiflrated in Pneumatics; for as the prelTure of the air 
cauftsihe mercury to afcend in the tube of the exhaufted 
barometer ; fo the fame prelTure upon the furfece of t&tf 
water in a well caufes the water to afcend in the pump, but 
to a far greater height 1 for the mercury in the barometer 
rifes only to igj inches at a medium ; whereas the water in 
the tube of a pump will rife lo 53 feet at a medium, whicfa 
is found equal in weight to a column uf mercury of tbe fame 
diameter, but of i(j| inches in height; the mercury bdag 
near 14 times heavier thnn water. 

That it i$ the prclTure of the atraofphcrc which caufet 
both the water and the mercury to afcend, has been fuffici- 
ently proved by numberlefs eitperiments; and may befhown 
by an exhaufting fyringe, commonly termed a fucking fy- 
ringe. Let this be fixed in a tranfparent tube, and tbe 
lower end thereof put in a jar of mercury or water, and the 
whole encbfed within a tall receiver; then, if thepiflonof 
Ihe fyringe be taifcd before the air ii exhaulted from fhe 
receiver, the mercury or water will immediately follow it; 
but after the air is exhaufled, if the piflon be raifed, 
fluid will not foUuw. 

Therefore, what is called fudioni in hydraulic nucbiocs,' 
is nothing more than «heo, by any mechanical conlrivance, 
the prefTure of the air is in anyplace abated, the adjacent 
matter being urged on by the weight of the atmofpherc, will 
tend to that place ; and if the matter be fluid, it will rife fo 
far above lis common level, till, by its abfoluie weight, a 
juft equality 15 made : to prcfer\'e that equUibrium wbich 
atways obtains in nature. 

Of 
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Of the pomp, there are Gniply ihree kinds, viz. ihe 
fucking, the forcing, anil the lifting pump. By the for- 
mer, the water is raifrd by the general prrlTureof iheaC- 
mofphereon the furfece of the walerin thcwell, and can- 
not be raifed to a greater height than 33 feet, as before 
obferved; though, in praftice, it is feldom raifed above a S 
feet, becaufe the air is not always denfe enough to fupport a 
totumn of water of 33 feet. By ihe two lalter, water may 
be raifed lo any height, having an adequate apparatus, and 
fufficient power. 

Of the Sucking Pump. 

The fucking pump is that in moft common ufe, and coii- 
itfliof a tube or pipe, open at each end, having within a 
Aiding piilon, as large as the bore of the pipe, and which 
fits ihe pipe lb exafilv, at to admit no air to pafs between il 
and the pipe. The pipe is called the barrel. 

If the lower end of the barrel B be immerfed in water 
(fig. 1, plate 24), and the pifton D be raifed, a vacuum will 
be made in the barrel, by lifiing up the column of upper air 
from A to D, and thereby permitting the air in the lower 
part of the barrel to expand iifelf; and the atmofphcrc 
prelling upon the furface of the water in the well, will 
force it to follow the piflon, and ihat even lo the height of 
3 J feel, if the llrokc could be of that continued length. 
But when the pifton is let down again in the barrel, the 
water will fall with it; to prevent which, there is a valve 
fixed in fome convenient part of the barrel, asatC, witich 
ralve cofififts of a wooden frame A (fig. i), exaftly fitted to 
Ihc bore of the barrei, and a leather flap B, lined with 
lead, in order to give it fuffideiit weight and ftrength. 
This valve opening with ihe upward motion of the 
water, and agaiii clofing when the {niton is let down^ 
fervea to retain the water above, which flows cliroiigh it : 




md at every rife of the pillon, afrclh qu»nti!yof water flows J 
tbrougU thiEvalvc. ifl 

Befides this fixed valve, ihere is a moveable one placed m ] 
ihepiAon ai D (fg. t), which alfa open; the fjuneway, ami 
Bcslledthc bucket. 

When ihe bucket tlefcends, if the bore of the barrel be 
(ull of wa;er, the retiftante of the water will open the 
bucket, and pare of the water will rife above it; and when 
ihp pilton is drawn upwards;, the beckft will a^in cIo(« 
- ucider the incumbent weight of water, and the water will be 
rsifed by ilic force ap|>lied. So that whenever the bucket 
rifcs, and lifts up the column of both air and water, which 
palTts' through it, the fixed valve C is difcharged of its 
prtfliire; and then a ("refii quamiiy of water, exiAly cqial 
to ilmi lifted up by the bucket, will, by the ordinary prrf- 
fure of the Ktmofphere on the water in the well, be forced 
op through the valve C, to again fupply the barreL Thii 
akeriiaie motion of the two valves may be feen to great— 
a.ivaniage in the glafs piim]is. 

But if there be no water in the barrel, before any * 
can be drawn from the well, the air in the barrel mwft I 
exhauftcd, which may be done, if the piftoo valve be tight, 
by the ordinary motion; but it is common to pour fome 
water down the barrel, which Ir vulgarly called fetching ifasg 
water, but which is of no other life thati to fuppfe the lea 
«f the valves, and render iliem air-tight. 

The firft time the pifton is raifed in the barre], called t 
firft ftrokc of the pump, it will make a vacuum in the barrel, 
and a part of [he incunibent ur is lifted away, upon which 
iheair renjaining intheb^irrel, from its natural fjflin^ will 
becume conGdtrably dilated; when the atmofphcre preflinir 
with a greater force on the furface of the well water, tlian 
the dilatttl air docs on the water in the barrel, it wUl c»ufc 
water in ilie barrel to rife therein, fo far as, logether 
i with the included air, (hall juft counicrpoife the weight <rf 
the aimofijherc tipon the outaard furface of tlie water- 
A fimilir 
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A fimilar etfrit will be produced at the repeiition of the 
ftroke, till by degrees the water Iball lave reacheJ die 
moving valve orbutket, and then the procefa will go on a> 
before ilefcribed. Thus, water, even by this machine, may 
be raifed to any height whateyer, provided tlic power be 
adequate to the weight, and the pipe ftrong enough to bear 
the fluid's natural preflure. 

Tlie proportion of the prelTure of the water on the pipes 
in pump-work is according to the height if (he water above 
the part conSdered : but the incumbent weight on the bucket 
of a pump, in action, is nearly proporlioual to that of?, 
column of water raii'ed j for ibough the weight of the at- 
mofphereon the furfaoe of the water, when the bucket rifes, 
be really equal to the weight of 33 feet ot water; yet this 
weight is exai^lly counter balanced by the weight of the 
aimorphere, ever incumbent on the furface of the water 
thereby raifed. Thus, all the advantage to be obtained bjr 
the hydraulic machines, is ranging ma>rers ipto a convenient 
method of being performed J the performance itielf depend- 
ing entirely upon the moving power, wjch all the difadvan- 
tagcs of friction. 

In thii pump, if both the valves be placed towards the 
liotiom of the pijic, the pump will work as eafy, and require 
nogieaierpnwer than if ihey were fixed 30 feet, or 33 feet, 
above the furface of the water. 

It is generally found to be more advantag«ous iu pra^ice, 
to place both the valve and bucket pretty low in the 
barrel; for flionld a leak happen beneath the bucket, which 
h often tliC' cafe, in a great length of pipe, the jur getting 
through, would render the pipe ufelefsi whereas, Ihould 
a leak happen above the bucket, it will uccafton only the 
lofs of Tome of the water. And by placing the valves under 
water, they will always be found more (upple and pliant, 
juid, confequently, be in a better cuodition for performing 
tlieir offices. 

There is loother advantage of phcing the puoig-work 
3 B 2 (that 
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means of the pipe C, ami ihe bucket playing in tlie barrel 
B C, the water wUI rife as if rlie well had been perpendicular 
to the pump; hccaufe the water in the well being forced by 
the mCural preflure of the atmofphere, will replenilh the 
barrel B, thrnugh the pipe AC 

But wlien it happens th.it the barrel of the piitnp caniiot 
go down direifily to the well, as in ihe hit cafe, the water 
nay be led about any other way by means of a pipe E, and 
thus be conveyed to the pvtmp D. And by making this pipe 
of conveyance E lefs in diameter than the barrel ot the pump, 
it will fooacr be exhanfted of air, by moving die pifton, antl, 
confequenily, ihe water will fooner follow. 

But it will always l>e found more eafy, in prafl:Ice, to 
have the |)ipe o/ conveyance large, and of an equal bore 
throughout; becaufe (he water will liien have a v clod ty in 
it, and the friilion will be lels. This 15 ihe rcafon why 
the ttiramon pumps, made by the plumbers, do not work lb 
cafily as ihofc which are bored out of trees; for, by making 
the pipe fo mucli lefs than the bucket, they, as il were, wire- 
draw the water. Therefore, in pumps ibat have a long 
pipe of conveyance, the diameter of the futking-pipc lliould 
be nearly equal to half the diameter of the barrel, for, if 
the barrel be four inches in diameter, and the pipe of con- 
weyance only one inth, the water will move. 16 times as faft 
through the pipe as it will through the barrel ; whieli, con- 
fcquently, requires more labour, and is attended with t 
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s alfo a great fault to bore a pump conically upwards, 
becaufe the water cannot with freedom run otf lb faft, as a 
vacuum may be m.ide by the moving pifton ; anJ the reflec- 
tion of the water frocp the fides, will always be an hindrance 
in [he operation. 
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branching or forcing pipe at E. Thefe valves IhouU alfo 
be air-tight, and fo difpofed as to let the water freely rife, 
but to prevent its returning back. The forcer C is leathered 
upwards, that it may wiihftand the preflure of the at* 
mofphere from above, and that by fucking, when raifed, it 
may !>ring up t!ie water, to fupply the barrel ; and it i« 
alfo leathered downwardi, that, when repreiftd, il may refift 
Uie weight of the water to be forced up. 

When the forcer C is moved upwards in the barrel, it 
lifts up the incumbent air; and the air between that and the 
water having room to dilate icCe\l, will be rarefied, and the 
water will rife from the fpriiig in the barrel A B, as in the 
fucking pump: and contiuuing the motion of the forcer, 
the water will at length rife up to the forcer, and Gil the 
internal cavity of the pipes, between the two fixed valves D 
and E. And the water being prevented from defceoding 
again by the lower valve, will, by the forcer, be prefTcd, and 
make its way through the upper valve E. Wlicii the forcer 
riles, this prefliire will be inlerniitied, and the valve at £ 
will immediately clofe under the weight of the upper water, 
and thus prevent its return, while the forcer is riGng with 
ft frefti fupply. The feme is repeated ar every ftroke of th« 
Arecr. 

M. de la Hire's Pimp, lohkh raifes IVater loth by tTu 
Jfcent attd Defcent vflke Piflon in the Pump-barrel, 

B and C are (wo pipes (fig. 6), having their ends ui the 
well of water A A. The pipe B has a valve i at the top, 
and is foldered into the pump-barrel D. The pipe C alfo 
has a valve st tht top, and is foldered iiitotlic pipe S. The 
pipesEand F haveeacb of them a valveeand/at ihecnds, 
atid communicate with the pump-barrel D, and the hollow 
boKG. 

K isa foiid irfunjer oi forcer, enaftly fitted to the bore 
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of ibe barrel D. L is the rod by which it is moved up and 
down, through the collar of leathers M, by n pump-handlt 
which tums upon its centre of motion T, This plunger 
never goes higher than K, nor lower than D. 

When the pltiiiger rifes from D to K, the weight of the 
atmorphere siting upon the furface of the water in the well 
A A, forces it up the pipe B, and through the valve 6, and 
ihus fills the piimp-barrel D ,«ith water up to the plunger, 
■ duiing which time the valves e aud S on the tops of the 
pipes Eand C remain fhtit. When the plunger has arrived 
to the height K, before it returns down again the valve 4' 
fhtits. and iliereby flops the month of the pipe B, and pre- 
vents the water from returning back : and bv the motion of 
the plunger downwards, all the water in the barrel is forced 
up through the croolied pipe £, and confequently through 
the valve e, and having filled the box G, at length rifes 
into the pipe N, where it difcharges itfelf by the fpont O. 
During the defcrnl of the plunger K, the valve/ Ihuts, and 
thLreby covers the mouth of the crooked pipe F; »nd the 
plunger defcending downwards, creates a vacuum in \\\t 
upper part of the pump-barrel, ajid, conleqttently, in the pipes 
C, S, and F, when iheprelfuie of the atmofphcn 
well water A A, fortes it up the pipeC, through the *ali 
S, and into the pump-barrid, filling all the fpace above 
plunger in ihebarrtl with water- 
Again, when the phmger has defcendcd to D, before 
returns up again, the valve S fiiuts; and then, by raifing' 
the plunger, it drives ail the water above it through ibe 
crooked pipe f, and ihrongh the valve X iulo the box G- 
from whence it alfo afcends, in conjunftion with the wal«' 
that came through the pipe E, up the pipe N. J 

And thus, as ilic plunger defcciids, it forces the water^ 
below it up the pipe E, and alfo draws the water up the 
pil-e C, through the vajve S ; and as it aftend;, it ioKts 
all die water above it up the pipe F, and alfo fills the barrel 
with iv.!ler, tlirough ihe pipe B. Therefore, ilicre is as 
much 
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much water forced up the pipe N, to the fpout-hole O, by 
(he defceat of the plunger, as by itj afceiit ; and in each cafe 
as much water difcharged a: the fpout-hole as filU that part 
of the pump-barrel through which tlie plunger moves. 

P is a clofe air-veflel, fixed on the top of the pipe N, 
which comprefles the air, when the water rifes up the pipe N, 
above the fpout O : and this condenfed air aAing on the 
water, caufcs it to niu off by the fpout-hole nearly in an 
equal ftream. 

Tlie pipe S at the lop of the pipe C fliould never be above 
3a feet-above the furfaCe of the water in the well; becatife 
if the pipe C be entirely exhauHed of air, the prefliire of the 
atmofphere on ihe water in the well, would not force the 
water up the pipe to a greater height than ja feet, at the 
moft ; but if S be within 24 feet of the water in the well, 
the pump will work fo much the better. 

The pipe N may be of any lize required j but the pump- 
barrel fliould be made in proportion to the height of the 
fpout-hole above the furface of the water in the wetl; as 
follows: 

For ten fett of perpendicular height of the fpo\it-hole O, 
above the furf^e of the water in the well, the diameter of 
the bore of the barrelfhould be 6. g inches : for 15 feet high, 
5.6 inches : for ao feet, 4,9 inches : for aj feet, 4.4 inches': 
for 30 feel, 4.0 inches : for 3; feet, 3.7 inches : for 40 feet, 
3.5 inches : for 45 feet, 3.3 inches : for 50 feet, 3.1 inches : 
for S5 feet, a.g inches : for 60 feet, a.S inches : for 65 feet, 
a.7iiiches; for 70 feet, 3,6 inches : for 75 feet, a.; inches ; 
for 80 feet, 2.5 inches: for 8; feet, 24 inches , for go feet, 
S.J inches: for 95 feet, a.a inches; and for loo feet, 2.1 
inch, or at the mod s.a. 

In pumps of this kind the pipes B and C fbould be tnade 

fnfficicotly large : for when ihey are too fmall, the velocity 

of the water through them being great, the water will have 

too much friflion to fuffer the pump to be worked with 

L ^tnuch advantage. 

:'L. li. 3 c ifr, 
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Mr. Koble's Pv»p. ^ 

ThU pump LS the moli ismfie in its conHniiSion of any of 
tbe lame power; aiul may be tnadc at a reafbjiable cbargc, 
as it confids only of oue barrel and two piftoo;, having eac 
a bucket aixl valve ; aiid It raifes as mnch water with tl 
fame power, and in the fame time, as can be raifed by twol 
barrels and fii^r valves of i!ie lame dioienTions. The b 
confiftE of 3 flraight tube A {Jig. ;), in which the 
buckets B and D work ; the bucket B being nujved by tl 
rod C, and the bucket D by [be rod E, which runs throu^ 
« hole m the bucket B ; tfae two rods and buckets ; 
up and down by the two circular pieces of wood F, w 
are fixed to the two haadles g g, by which means, as n 
bucket afceiids with its bad of water, the other defceods. 



jrf Pump, or rather Engine, for raifing Water ly 
m^ajts of a Hair Rope. Invented hy Sieur Vera. 

This pump confiBs of the following parts : — The wbed 
A (^S- 8) is four feet in diameter, and is lamed by dte 
handle K. BB are two puUies, 14, inches in diameter, in 
order to keep the ropes ai a proper difhnce in the well. 
C C is the hair rope, near one inch in diameter, which mas 
under the pulley J, fixed in a frame H, below the furface 
of the water G. L L L is a box made of thin bosrtls, in 
order to colleft the water into the refervoir D. 

When the wheel is turned by the handle K, with a con- 
iiderable velocity, a great quantity of water will adhere 
to the rope C, particularly if the well be not very deep: 
the rope palTes through the tube D, which is raifed five or 
fijt inches higher than the bottom of the refervoir; and thtn 
hinders ihe water from returning back into the weU: 
th? water riini iu a coutinual ftream through the ipont I 
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If this machiue be con^inifled according to the above dimen- 
fiont, it will raire more water than any pcribn uafkilkd in 
hydnkulics would imagine. 

The force required to work a pump will always be as the 
heif bt to which the water is raifed, and as the fquare of the 
diameter of the pump-bore in that pan where the pnllon 
works. Thus, if two pumps be of equal heights, and one 
of them be twice as wide in the bore as the other, the wider 
will raife four times as much water as the narrower one ; and 
cOnfequeotly will require four times the power to work it. 

Tiie pi^n-rod of a pump is always railed by means of a 
lever, whofe tonger arm exceeds the fliorter oue, in length, 
generally five, or fix times, and the power is applied aA the 
end of the longer arm ; by which means the rod is raifed by 
a fiftli, or Itxtb part of the power, wliich would be required 
to raife the rod without it. 

The following table Ihows the quantity of water which a 
common fucking prnnp will difcharge in one minute, the 
pump being of any given height above the furftice of the 
well, from to to 100 feet inclufive; and the diameter of the 
bore of ttic barrel being from 6.93 inches to a. 19 inches 
inclufive. 
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Height of ihe Pump 


The Dismeter of Ihe 


Water dilchueed 




above the Surface 


Barrel - bore in 


In a Minuie! 




of the Well in 


Inches and Deci- 


Englifh Wine Me>- 




Fee. 


raals. 


fuK. 








Galbni. Pints. 






6.9J 


3i — 6. 






S.66 


S+ — 4 






4.90 


40—7 






4.jfi 


32 - 6 






4.00 


a; — 2 






3.70 


aj -r- 3 






3.46 








3.37 


18 — I 






3-'o 


16 — 3 




Si 


3.9s 


'4 — 7 




60 


2.84 


'3 — S 




65 


2.7a 






7° 


2.62 


" — S 




75 


a- S3 


10 — 7 




80 


3.45 


10 — a 




8! 


2.38 


9 — S 




90 


2.3. 


9 — I 




9S 


a.2S 


8 — 5 




160 


2.19 


8 — I 
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The foregoing table is conllnifled from a pump, worked 
by a lever, which increafes the power five times; and the 
power is fuppofed to be that of a man of ordinary ftreDgih. 

Forcing pumps are the mod tifeful machines for r^ng 
water to any given height above the furface of a river or 
fpring; and maehiiies ^^ay be conftrufted to work ihefe 
pumps, cither by a running ilrcam, a fall of water, or by 

The moft ufeful, and at the lame time mod curioui ap- 
plication of machinery to pumps, is difpiayed in the con- 
ftruflion of fleam -engines, the moft improved of whicli ii 
that of Mr, Watt, in the next Seftion. 
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f STEAH-BNGINES : — AND A DBSCBIPTION OF 
MB. watt's STSAM-£NG1»E. 

Or all the ufes to which ftcam has been applied, there arc 
e where tt has been ufed with greater fiiccefs thaji in the 
application of it to raife water from any great depth, as in 
that machine called the iieam- engine, olherwife denominated 
the fire-engine, on account of the fire employed in boiling 
o produce the Heam. 

The fleam raifed from hot tvater h an elaflic iliiid lilce 
air, and has its elaflicity proportional to its detiHty, when 
the beat is the famt; or proportioital to the heat, when the 
denfiiy is the lame. The fleam raiTed from boiling water 
of an ordinary heat is near 5000 times rarer than water, or 
about 3^ times rarer than air, and its eiaflicity is equal to 
that of common air. And it has been found by experiment, 
that water, when converted into very hot fteain, will occupy 
14000 times the fpace that it occupied when in water, and, 
confequenlly, it will become five limes ftrouger than the 
atmofphere. And by accidents that have happeuetl, it has 
been demonflrated that water, fuddeiily turned into fleam 
by the immediate application of great heat, is vaftly llronger 
than the atmofphere, or even gunpowder. 

The fteam-vngine is the mofl ufeful machine difcovered in 
modern times; and were it not for this mofl important 
invention, we flioUld never havebeen able to work the coal- 
mines in England to the prefent advantage ; as before the 
laft century, for the want of this engine to draw the water, 
|he attempts of our anceflors to procure coals were always 
JoeffeAual. 
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alternately turned by a mail, iu order to admit the fleam, 
and to refill the velTei with cold water. 

Captain Tbonvu Savery having read the Marquis's book, 
con flruded an engine, which, after leveral experiiTienis, he 
brought to lame (kgrceof perfef^lon; upon which lie bouglu 
up, and deAroyed, aU the books of the Mai quis he could pro- 
cure, claimed the honour of the invention to iLimfdf, ami 
obtained a patent for tlie fiine. His engine, however, would 
not raife water to any great height, or in qiiaiUitieii fuHicient 
to anfwcr the purpofe of draining a mine. Tlic largeft he 
ever eiefted *us (or tlic York Buildings Cwnpauy, io 
London, for fupplying the iohabitants of t!ic Strand, and 
that neighbourhood, witli water. 

Several other gentlemen, both in England and t'ranct^ 
atteoipied various intprovemems in ihe conftru^lon and 
mauner of working tbefe engines; but ivich little laccels, 
till tiie year 1 70;, wlieii Mr. Newconien, an ironmougcr, 
and Mr. John Couiey, a glaxicr, both of Dartmouth, made 
a confiderable improvement iji thefc engines, by bringing 
the engine to work with a beam and piUoii (wliich had iievtr 
been then introduced), and wliere (be fleam, even at the 
jtoateft depth of mines, is not rcqni/ed 10 be greater than 
the prelTure of the attnofphere. Thtfe gentlemen obtaiiterf a 
patent for the foie ufc of this foveniion, for fourteen yeuit; 
and the tirft engine they ereiled was in the year 171*, ai a 
cnlliery at GrifF, in Warwickfliire ; ilie cyliiider of this 
engine being za incliei in dianieter. Tlic ncM eiigmc ibey 
creftcd was in the year 1718, ai a colliery it) the county of 
Durham, wWth was slfo improved by Mr. Henry Beighion, 
f. K, S. wUo iiiEioduLed the niumerut ojicuiti^ and lliuitiag 
tbe cocks;, by ibe iian^iug beani, as at prefenr ufed 1 and 
HkefMiCe made imprLtvemejils in the pipes, valvfg, and fome 
otliet parts of the machine. 

When thefe engines came to be belter underftood, and 

their utility, particularly in draining roine^, becaine more 

evident, £fum tlic great number of them every whtrc erefted, 

they 
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pump-rods fink by dieirfiipcrior weight, and the pi (ton, at 
the other end of the lever, rifes ; and when that fleam it 
coiideiifed, the pifton defcends, and the pump-rods rife wllh 
their quantity of water; and fo on alternately, as long as the 
piitoii works. 

As the piflon does not defcend with a force exceeding eight 
nine pounds upon every fqiiare inch of its furface ; and as, 
by reafon of accidental friftioiis, and alterations in the den- 
£ty of the air, it is fometimes lefs than this. It will be fafeft 
praftice to calculate ilie weight at fomething lefs than 
right pounds, viz. at about feven pound! ten ounces for 
every fqiiare inch, or 7,64 pounds, which is fix pounds upon 
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gallon of «ater of 2 
ire have the dimenfions of the 
ly fteamenginc, as follows : 
in inches. 



inches weighs 10-^ pounds, 
cylinder, pumps, &c. for : 

r=the cylinder'i diameie 

^=the pump's diameter i 

/=ihc depth of the pit in fathoms, 

^=ga!lons drawn by 3 ftroke of Six feet. 

i=thc liogllieads drawn per hour, 

j=the number of ftrokcs per minute. 

Then f* is the area of the cylinder in eireolar 
Aerefore 6 c* is the paw-er of the cylinder in pounds. 



And^ 
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Mr' 



■, the gallof 



ained 



iTpump; which, multiplied 
contained in/ fcithoms of 



in one fathom, or fix feet of 
by/, gives J ^•/ for the galli 
any pnmp, wliofe diameter is p. 

Hence, ^/'/ X loj- pound gives 3 /^'/, nearly, for the 
weight in pounds of the column of water, winch is to be 
< equal to the power of the cylinder, which was beiiare found 
.equal to 6 1'. Thus, we have the fecond equation, viz. 
=«>>'/i or 3 f'^^'/; the firfl equation being .5^4*=^, 

From which two equations any pardculari may be deter- 
l^ned. 
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Steam-Engine, (Tig. 9.) 

A is ihe boiler. 

B, the cylinder. 

C, the injeftion-cock. ! 

D, thefleam-c>ck. or xcptxar. 

E, ihe fhifting clack. 

F, die eduflion pipe, or finlLing pipe. 

G, theednftionTalvc. 
H, ihe fafety valve. 
I, the piftoii. 
K, the lever beam, 
L, weights to counterpoife ibe pifton, ioA prefi A 

forcer in the pump-barrd M, to driw the waier ifarou 

O, a ciftem to hoJd tb« infeAion waier. 

P, an air veffcl a-bich preveatj the [ripe N from bsrfih^ 
and trves tn keep up a reguhr ftrcam. 

The boiler A is filled with aj.ct to the bdght of Je, 
which being made to boil by a lire placed beoeath it, wifl 
fill the upper part A P with a very eUltic vapour or fteam, 
which, when it i^ of fiafficient flrengtb, will force open the 
vaivc at H. Tliis fleam is let into the barrel or cjitfldet S, 
by turning the cockD; and by its elaftic force raife* the 
pifton I, wMach drives the air above it through a proper 
clack, placed at the top i'and llie weights L, at the other end 
of the lever, caufe it to defcend, and drive the piUon down 
the piirap-barrel H. Then, in order 10 make the pifton I 
defcend, a little cold water is let into ffie cylinder, at the 
bouom, from the ciftern O, by turning the cock C, which, 
tifing in the form 0/ a jet,, condenlej tlie liol fleam in th^ 
cylinder into #aier, whereby it octnpies about 13000 ijmrt 
lets fpace than that it took itp before ; which createsi a partial 
vacuum in the barrel, and thereby permili the (lift"" ™ 
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aia degrees is neceflary to produce fteam -, and the diiference 
at heal at which water boils under different prtlTures in- 
Creafes in a lefs proportion than the prelTures themfelves j ti 
that a double prelTure requires lei's than a double incrrafe 
of the heat. 

There are two principal defects in the common fteam- 

, engine : firfl, as the vacuum in the cylinder is produced bjr 
throwiiig in cold water to condenfe the fteam, the water 
ibrowR ill heconKs hot, and produces a fteam from itlelf, 
which greatly rcfifts the motion nt the piftpti downwards, and 

■ thereby leflens the power of the engine. Secondly, upon 
atiempting to fill a cgld cylinder with Iwt fieam, a great part 
of the fteam wilKbe dcftroyed ; and the injeflion water that 
is let in to condenfe the fteam, not only cools the cylinder, 
but remains there until it be exirudetl at the eduttton pipe by 
the fteani which is afierwards let into the cylinder, which 
fteam will be condeofed into water as faft as it enters, until ail 
the matter il comes in coniait witli be nearly as hot as itlelf. 

The great confumpiion of fuel alfo has been a material 
objeft to tliefe engines; for it is well known, that a fteam - 
engine of an ordinary fize will confume near 3000 pounds 
worth of coals per annum, at any part near London. 



Mr. IValt's Sieam-Efiglne. 

Mr. Watt has in a great meafure, if not wholly, remedied 

the foregoing inconveniences : he preferves an uniform he^l 
in the cylinder of his engine, by fufFering no cold water to 
touch it, and by protefting it from the air or other cold 
hodies, by a furrounding <;afe filled with the fteani, or wiili 
tot air, or water ; and by coating it over with fubftances that 
tranfmit the heat very ftowly. He makes his vactr'.im to 
approach nearly to thai of the barometer, by condeufing the 
fleam in a fepar.ite veffti, called the coudenfer ; which may 
ttf cooled at pleafure, without cooling th« cylinder, cither 

by 




L, the air-pump that cxhaufls tlie condenfer bodi of air 
and the injection water that is let in at every ftrokc, and ii 
fixed underwater in tlie condenfing back M, whicli hfull o{ 



N, the lever beam. 

O, the great water pump for clearing the inicif, or raiCnj 
water for any other ufe through the pipes, &c. 

This new engine differs from the common ones only In the 
foregoing particulars: having the cylinder, the great beam, 
,lhc pumps, &:c. in their ufual pofttions. 

The cylinder in this new engine is fmallcr than ufual in 
proportion to the load, and is very accurately bored ; and ii 
fiirrouncied at a fmall diftance with another cylinder, frir- 
nirtied wiiha bottom and lid. The fpace between the cy- 
linders communicates with the boiler by a large pipe C, 
open at both ends, fo that it is always filled with (team, and 
thereby preferves the inner cylinder of the fame degree of 
heat with the fleam, and prevents the Heam from coQdeiifing 
within it, which would be more piejudicial than an equal 
condenfaiion in the outer cylinder. 

The inner cyiiiider has a bottom and piflon ns ufiial ; and 
as it does not rewcU up quite fi the lid of the outer cylinder, 
the fteatn In the fpace between them has alu-ays a free accefs 
, to tiie upper fide of the piflon. The lid of the outer cylinder 
ias a lioie in the middle, through which ihepifton-rod moves 
lip and down ; this hole is ke,"t tight by a collar of oakiioi 
Icrewed upon it. 

There are two regulating valves at the bottom of the 
inner cylinder, one of which admits the fl'eatn to pafs from 
the fpace between the two cylinders into the inner cylinder, 
below the pifton, and fliuts it om 3t pleafure; the other 
opens or Hints the end of a pipe that leads to the condenfer. 
The condenfer conCfts of one or more pumps furniflied 
wilb clacks and buckets (nearly the fame as in eommon 
pumps), which are wrought by chains feflened to the great 
working beam of the engine. To the bottom of thele pumps 
3 '* 
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the piftoo, which b therefore forced down by the full power 
of the fteam from the boiler, whicji is fomewhat greater llian 
the prelTure of the atmofphere. 

In the common engines, when they are loaded to about 
feven pounds upon each fquare inch of the piflun, and are of 
> middle fize, the quantity of fteam which is coiidenfcd, ia 
reftoring to the cylinder the heat which it had been deprived 
of, by the former injeflion of cold water, is about one full 
of the cylinder, belides what is really required to lill that 
velTel; fo that twice the full of the cylinder is employed to 
make it raife a column of water equal to feven pounds for 
each fquare inch: or more fimply, a eubic foot of fleam 
raifes a cubic foot of water about eight feet higher, befldes 
overcoming the fri^on of the engine, and the refillance of 
the water to motion. 

But in the improved engine of Mr, Watt, about one full 
and a fourth of the cylinder is required to fill it, becaufe the 
fteam is one fourth more denfe than in the common engine. 
This engine, therefore, raifes a load equal to 12^ pounds 
upon each fquare inch of the pifton j and each cubic foot of 
fteam, of the denfity of the atmofphere, raifes one cubic foot 
of water 12 feet high. 

Thefe engines work more regular and fteady than the 
common ones; and the faviogs amount at leaft to two thirds 
of the fuel j which is an important objeft where coals are 
. dear. The new engines alfo will raife from 30000 to 2400a 
cubic feet of water, to the bright of 24, feet, by only one 
hundred weight of good pit coals. 
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any falTe ftrokes of (he charcoal. The bkck auU red lead 
pencils are uftd to draw out the dniuglii the fecond time, 
becaufe the lines drawn with thele will not be liable to be 
nibbed out with the hand, when the lines are again drawn 
with the pen. The pens made of crow-quills (though another 
good pen may aiifwer rhe purpofe] are to JiniQi the work. 
Rulers are to draw the flraight lines, triangles, fquarcs, &o. 
which are to be done at dtR, till praiflice render them needlefs. 
The compafles (liould have fteel points, which will take out, 
in order to ufe a blaclcorred lead pencil ; their ufe is to draw 
circles, ovals, arches, i:c. ; a!fo to meafure, by the hdp of a 
icate of equal parts, the proportions uf the figures. 

The Precepts of Drawing {^general, 

Tliere are no art? that depend lefs Upon theory than thofe 
of drawfhg and painticig; in thcfe it is principally praAice 
and experience that can render any one a good artift. But 
here, as in every other art, a few rules may be of iervice to 
the inetperienced (Indent ; and in attending to the following 
rules, the young artill fliould be careful in following the 
outlines of the figure, which is the hrft prncefs. He mull 
alfo content himfelf with copying uarts of objefls, before he 
' aims at any finiflied piece, and dwell upon each part ; and 
never begin a fecond till he thoronghly underftands the pro- 
portions of all the outlines of tbefirft. He mud alfo be very 
tflow in hie firll operations; and he cannot too often con- 
template the length, breadth, and every other proportion of 
each objeft of his original. For this purpofe he fliould have 
it conftanily in his eye, and cannot look at it too frequently. 
I. The firft part of drawing confifts of plain geometrical 
figures; as lines, angles, triangles, quadrangles, polygons, 
conr^, and tbe like; for jhefe are the foundation of the 
outlines of all other figures. The circle affifts in all orbi- 
cular forms; as the fun, moon, fruits, &c, ; the ov.iJ, in 
I giving a juft proportion to the human face and mouth, the 
3 E a mouth 
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more exaftly tlrawn with the lead peacil, rubbing out any 
felfe or imperfrfl ftrokes of the charcoal ; ihen having pe- 
rufed it well, mend it with the pencil, where there are any 
errors : this done, perufe it again, correfling by degrees all 
the error; of lefs magnitude, even to the leaft Jot; then 
comjjare it with the original copy, ufing neither the rule nor 
(he compafa, but giving every part its due place and pro- 
portion according to judgment. 

Whep the artill has arrived to fnme perfeflion in tht art, 
he may begjn to copy after life, for this is the moft correit 
and complete method.of drawing or painting ; and here only 
he has the largeft liberty of imlcalion. But there ought tQ 
be fome perfeiSioii in the art before he aims at this. 

Particular Direflions for Drawing. 

The print or painting which is to be copied, is to be placed 
fo, that the glofs of the colours, or Hiade;, may not lall upon 
the eye, and thereby prevent a perfefl view of the piece; 
but it is to be fo pbced, tha^both the light and the eye iriay 
fall obliquely upon it. It muft alfo be placed at fuch a 
rfiftance, that the whole may be taken into the ej-e at once; 
for which purpofe, the latter it is, the further diftani it muft 
be placed, and let a little reclining. 

Make a fmall point upon the fwper, to reprefent the centre. 
And obferve, as a general rule, always to begin with the 

■ right fide of the piece; for by that means, what is finiflied 
will not be hidden by the hand or pencil. Obferve alfo the 
moft f)crfpicuous and uppemioft figures in the piece (if there 
be more than one), which are to be touched upon the paper 
in their [iroper places, by the charcoal; thus running over 
the draught, there will be had the Iktleton of the work, 
which is to be afterwards finiflied and filled up. But grent 

. care is to be taken in obtaining a true draught, and the more 
time there is beftowed upoa it, the more it will improve the 
i|carner. 




profile, which is equal to the length of the eye f^j. 18 and 
16), and the noftril in height is nearly one third of the width 
of the nofe. Thefe pruportions are to be attended to only 
(luring the learner's tirli praftice : ivhen he has arrived to ». 
little proficiency, he is to follow his own judgment only, in 
the proportions, paying niore regard to his original than to 
any verbal direftions. When he h able to finifti the outline 
of the profile and full face, he may proceed to the other dif- 
ferent inclinations of the face, as feen in the plate. 



LESSON III. 



When the artift can eafiiy imitate the different features 
and limbs, he may begin to attempt whole length figures ; 
which is to be done in the following manner: (ketch the 
whole over lightly with the charcoal (or, if the learner he 
able, he may ufe the black lead pencil a( firft), beginning 
with the head, next the iliouldcrs, then the body; after 
which, the arms and hands, then the hips, legs, and feet ; 
then examine the proportion of the different parts, nibbing 
out any ftrokes of the charcoal where neceflliry ; and draw- 
ing the lines over again with the black lead pencil, to bring 
it as near as poffible to the original. When this is done, 

> proceed to finilh the figure, by drawing it over again with 
the crow-quill pen, and Indian ink, departing from the 
black lend lines where it may be found nccelTarv. Then 
tub out all the marks of the pencil with India rubber. The 

' compafics are not to be ufed till after a very minute infpec- 
Hon with the eye: when, if there be any feult that cannot 
be eafily difcovered, by applying the compafTes, firft to the 
original, and then to the copy, the fault will be foon found. 
To afcertain the proportions of the feveral parts of the human 
body, a perpendicular line fliould be firft drawn through that 
fan intended for the middle of the figure ; which fliould be 

" divided into feveral equal parts, and from fuchmenfuratioti 



I 



The learner fhould pay particular attention lo ttiefe pro- 

' portions, and retain ihem in his memory. It is alfo neceflary 

that he have fome knowledge of anatomy, as it will enable 

htm to judge of the proportion and dilproporlion of the hu- 

L ESS ON IV. 

The drapery, or clothing of the figure, is next to be con- 
fidered. Having draun the outline of the figure faintly with 
charcoal, correfting ewery part that appears faulty ; proceed 
lo draw the outline of the drapery lightly with the charcoal, 
with the feveral folds, nut fufFering the folds to crofs each 
other. The quality of the drapery (liould alfo be confidered ; 
as fluffs and woollen cloih are more harfli than filk, which is 
always flowing and eafy. The drapery fhouid not flick too 
clofc to the body ; but (hould appear to flow ea&ly. If the 
drapery be fuppofed to be blown by a breeze of wind, it 
lliould all How one way : and the parts next the body fliould 
be drawn firft, before thofe which fly off. The garments 
fliould always bend with the figure [ and the clofer the dra- 
peiy is to the body, the fmaller mull be the folds ; and if it 
e clofe to the body, there niould be no folds, but only 
a faint fliadow, to reprefent that part of the body which it 
The belt rule in this cafe is, to remark the folds as 
They appear in the drapery of genieel perfons, if the figure 
be 10 have a modern drefs ; but a few particular rules may, 
however, greatly alFill the learner: 

1. Carefully avoid a fupetfiuity of drapery.— i. Let as 
Biuch of the form of the body as poffible appear under the 
!>ilrapery. — 3. When the draperies are large, let them be 
'thrown into large and graceful folds. — 4. Draperjrwhich is 
clofe to the body, fhouid appear to be loofened by fniall folds, 
judiciouily placed : for want of this cautinn, the figure wilt 
have a certain iliffjiefs, and appear as if wrapped round with 
a bandage, inftead of being clothed.— 5. ]f there be much 
drapery, let the greater part, if pofiible, be thrown into ftia- 
^ow.— 6. Thofe folds which fall in ihe light muft have fucL 
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plates where there is a complexity of work, though ihe yarc 
generally finiftied by the graver, 

1 The inftruments proper for etching are, needles, an oil- 
Aone, brufl) pencils, a bumiflier, fcraper, compafles, ruler, 
tracer, aod ihe graver ; with the bard and foft vamini, pre- 
pared oil, and aqua-fortis. 

The needles Ihoiild be of a fine grain, and fuch as will 
break without bending, of which there fliould be fevcral 
fizes. They are to be fixed in firm round flicks, about fix 
inches in length, and the Ihicknefs of a large goofe-qnill; 
and may be fixed in fitch Hicks as have a pencil at the other 
end. They fhould (land at leaft a quarter of an inch out of 
the ^ick. 

The oil-ftone is to whet the needles upon ; and, stie, if 
the points are to be round, they are to be whetted (bort 
upon the fioue, by turning them round ; but if the points 
are to be Doped, tliey are firfi to be blunted upon the {tane, 
and then whetted, Hoping on one fi*Je only, till they come 10 
a fbort oval. 

The brufli pencil is to cleuife the work, wipe off the duft, 
and flrike the colours, even over tlie ground, when laid upaa 
the plate. 

The burnilher is a piece of tempered fteel, fomewhi 
round at the end, for fmoothing and giyiug a luflre to tbt^ 
plate. 

The fcraper, is ufed for clearing the plate of any fcraiche%a 
or Arokes, which the bumiflier will not take out. . 

The compafTes Ihould have flecl points, and are chiefly 
ufed in ftriking circles, meafuring diftances, &c. 

The ruler is chiefly ufed Co draw liraighl hatches, or linei, 
.upon the plate. 

■ The tracer is ufed for drawing through all the outcntioft' 
lines, or circumference of the print or drawing, which 1* 
called etching after. 

The manner in which etching is pnfornied, is, by covering 
the furhce of the plate with a proper varnilh, or ground. 

Toi, u, 3 o capable 
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The maoorr of ciching with the foft varoi(h b now mofc 
frequent!/ iutcrmixei] widi ihe ufe of tte graver than for- 
tnerly : wbich is generally attended wjih great advaiiQ^e^ 
even where tbe whole is intended to pafsfor the work of the 
graver ; as it gives an opportunity of fbotviug the truth and 
fpirit of the oviiline, and gives all the variety of fhades which 
the different kinds of black can produce; while the exaftnefe 
and regularity of the lines, which are requiiite for finilliing 
irony kinds of deJigiis, are fupplied by the graver; and by 
a judicious application of both, that complete finifhing and 
cffea is produced, which either of them alone would be in- 
capable of affording. 

The Preparation of the Joft Vamifii, asSire&edhyMr. 
Lawrence, an eminent Engll/k Engraver at Paris, 

" Take of virgin wax, and afphaltum, each two ounces; 
of black ptch, and Burgundy pitch, each half an ounce: 
melt the y/ix, and pitch, in a new earthenware glazed pot, 
»nd add to them by degrees the afphaltum, finely pow- 
jkied ; let the whole boil till fuch lime, as that (taking a 
tlfiop upon a plate) it will break, when it is cold, on bending 
it double two or three tiooes betwiit the fingers. The 
varnidi being then hoiled enough, mun be taken off the fire ; 
n/i letting it cool a little, mufl be poured into warm water, 
(hit il may work the more cafiiy with the hands, fo as Co be 
Jivmed into balls ; which mull be rolled up, and put into a 
piece of taffety for wfe." 

In boiling the ingredients, it mufl be obferved, firfl, that 
the fii« be not too vioknt, left they burn — a flight fimmering 
,W)U he fulGdenl -. fecondly, while the afphaltum is putting 
JOi and even after it is mixed with them, the ingredients 
ftiould be ftirred continually with the fpatula : and, thirdly, 
Jhe waler, into which this compofidon it thrown, fhould be 
nearly of tbe fame heat with the compofition, to prevent a 
kind of cracking, which will happen when the water is too 
3 c 3 cbH: 
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limes two or four camlles are ufcrt together, for dtfpatch; 
for the varnifli miifi be blackened before il grows cold ; for 
if it grows colil during the operaiion, the plate mufl be 
heated again, dial the varnifli be in a melted flale when that 
operation is pcrformeJ : great care mufi be taken, not to 
fcorch it; which may be perceived, when it happens, by the 
varnifli lofiiig its glofs, and appearing burnt. Large plates 
are romeiinrei fulpended from the ceiling by four cords, with 
an iron ring abovit four inches diameter at the end of each 
cord, to hold each corner of the plate. The plate being thus 
fufpendcd with the varnifli fide downwards, may be black- 
ened very conveniently, 

Tn biachening the varnifli, the candle or flambeau fhobld 
be kepi at 3 proper diftance from the piaie, that the wick 
may not touch the varnifli. If, after the operation, it appear* 
that the fmoke has not penetrated the varnllh, the plate muft 
be again heated over the chaflng-difli, and as the plate growl 
hot, the varnifli will gradually melt and incorporate with the 
fmoke, that lies above it, in fuch a manner that the whole 
will be equally pervaded by it. 

The grcateft caution is neceflary in this operation, to keep 
a moiierate fire all the lime, to move frequently the plate, 
and change t!ie place of every part of it, that the varnifli may 
be equally melted every where, and kept from burning, and 
10 keep the varnifli entirely free from any filth, fpark, or 
duft, tiU it be entirely cuM. 



The Method of applying the kard Vamifh. 

This is exflftly the fame as that of applying the foft var- 
■i(hi being fpread equally over the warm plate witli the 
taffety ball, and fmoked in the fame manner ; but after it 11 
finnked, it mufl be baked, or elfe dried over a gentle char- 
coal fire, till the fmoke of the varnifli begins to decreafe ; 
obferving not to heat the plate too much, which would bum, 
and foften the varnifli. 

The 



. . ^ - BF DRAWING. 415 

The oval-poinfcd needle is moft proper for making large 
and deep llrokes. It fhouid be beld in the fame manner 39 
n, with ihc flat tide next the thumb : though it may be 
itfed, with the face the other way : it muft be held as upright 
and firaight in the hand as pofliblc, ftriking the Arokes freely 
and firmly, which render thenj neat and clear. 

The fine needles with (lender points, are proper for fint 
flrokes, and for the f^nt ftrokes of ihofe places at the grtatefl 
diflancf, in a landfcapc j and alfo for thofe places neat-eft 
the light. And it is requifiie, when at work, to brufli off 
all the loofe duft tvhich is worked up by the needles. 

li Is hardly neceJTary to obferve, that the fludeUt ftiould be 
fo fer tmafter of the art of drawing, 35 to be able to copy any 
print txaAly, brfore he aliempts etching. It (s alfo neceflary 
that he be able to liatch with a pen or pencil exaftly, from 
good copies ; and thea be will be ab]c to draw from plaiQer, 
or from the life. 

In (tiad)hg tus jxece, he muA be careful to obferve ho# 
the original Is fliadowed, how clofe the hatches are joined' 
how ihey are laid, how they incline, and whith way the 
light falls, which tmift always fcti one way. If the light 
fall lideways in the print, that fide, which h^theft from the 
Hght, muft be hatched the darkefl. 

In kndfcapcs the part next to the eye is to be hatched 
darkeft; and the refi to decline in its Qiadow gradually, the 
hither it is oiF from view. The fame is to be obferved in 
etching a (ky ; for that which is neareft the eye, muft have 
the dcepeft (liades; but in general, as foft and feint as 
poflibic, gradually Toling its fhades as it comes nearer to the 
ground ; and where they both meet, as it were, the (ky muft 
be entirely loft. 
, ' If any fcratches, or ftilfe fttxikes, happen In the working, 
they are to be flopped up with a hair pencil, dipped in the 
Venetian varnifh, mixed with lamp black, by which means 
thefe places will be defended ftom the iqua-Jbrtis. 
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in ibe whole art of etchii.g, and on nhich the fuctcf; of the 
work chiefly depends. For the exai.^ flreiigth of ibc aqua- 
fortis, the tinie it is to continue oa tlie plate, Sec. iiu certain 
rule can be given ; but praflice and experience alone can 
iiifortn the artifl. 

Of etching Letters. 
To «tch letters, the copper-plate is to have a ground of 
virgin wax, which is to be fpread very evenly with i leather, 
all over the plate, while ii is warm ; litfn the letters beinjf 
wrote on paper with a bUck lead pencil, ihe written fide of 
tbc paper h to be laid upon the ground of ttie plate, the 
paper being faftencd at the four corners, as before direflcd. 
Then rub the back of the paper all over with a bumifher, 
taking care to nib every part of the paper ; and taking the 
paper of the plate, the letTetii will all appear written on the 
wax, but rcverfed ; they are then to be drawn through the 
wax on the plate witii a tracer, cleaning the work from the 
loofe wax with a linen rag, or pencil ftrulli j then railing a 
border of wax, and pouring on the aqua-fortis, as before, 
the letters will be etched. The plate, being cleaned irom 
the w#x, K, in the next place, to be polillicd, h3 follows : — 
takea piece of good charcoal, ana pulUng off the rind, put 
fair water on the plate, and rub It with the charcoal; and 
by tills means the plate will be cleared from all the varnifii. 
But the charcoal fliould have no knots, or rouglinefs. 
After this, waft the plate with a little .-qua- funis added to 
twicetis quantity of water. Laftly, the plate fliould fie 
wiped dry, and rubbed with a little of the olive oil. Then, 
if any place require to be totich&l with the graver, it may 
be corrected ; and the plate will be finifUed. 
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OJ holding the Graver, 

Tlic grarer (hould not exceed the length of five Inches 
and a half, including the handle, except it be ufcd fur fir^ight 
lines; and thai part of [he handle which is on the fame line 
with the billy, or (harp edge of the graver, Ciould be cut 
off flat, that it ma)' be no obrLrudion in working. 

The barJle of the graver fliould be held in the hollow of 
the hand, with the fore finger refting upon the batk of the 
graver, in order that it may be moved parallel 10 the plate. 
Great care mnft be taken that the fingers do not interpofe 
between the plate and the graver, which would prevent the 
graver from being tarried level with the plate, and render 
the flroke^ not fo clean. 

Of laying the Dejign upon the Plate. 
The plate being polilhed fmoo'h, is to be heated, fo as 
to melt virgin wax, with which it is to be rubbed thinly 
and equally atl over, and fuiFered to cool. The defign to be 
laid on mull be drawn on paper, with a black Itad pencil, 
and laid upon the plate, with (he pencilled fide upon the wax ; 
it is then to be preflcd clofe to the plate, and rubbed ovef 
every part with a burniflier. Then taking the paper off the 
plate, every line drawn with the black lead pencil will 
appear upon the wax, which are to be traced through the 
wan upon the plate with a (harp pointed tool. The wax 
being taken off, the plate is to be engraved. 

Of whetting and tempering the Graver. 
Great care is required to whet the graver nicely; for 
which purpoie, the two angles ofthe graver, which are to be 
held next the plate, are to be laid flat npon the llune, and 
rubhcd fteadily, till the belly rifes gradually above the plaie, 
fo tiiar, when the giaver I? lard lipon it, the light may be feen 
under the point; if it be not whetted in this (liape, it will dig 
into the copper, arid it will be impoflibiB to pteveDi the 
3 1 "^ point 
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cufliioi) ; prelliiig more lightly, where they are lo be fine, and 
leaning with greater force, wiiere they are to be broad and 
deep. In making circular and curve lines, turn the piaie 
upon the cufliion aguinft the graver. After fume of the 
work is done, it is iieieflliry to fcrape off the rokighnefa 
formed by the cutting of the graver, which is done witll 
the fcraper : or paffing the graver over the plate in a level 
direflion, taking care that it does nut cdtcb the cop]>t;r. To 
render (he work more vifible, it may be rubbed over with a 
roll of felt dipped in oil. It is necetfary to learn to carrjr 
the graver as level as poffihje with the furface of the plate j 
for olherwife, if the fingers flip beiwint them, the hnc that 
is produced will become deeper and deeper in the progreft 
of its formation, which will prevent makiiiga ftroke at one 
cut, that wiil be fine at the extremities, and larger in the 
iniddie; and renders it neeefldry to retouch it. Therefore 
it is necear.ry to acquire the habit of making fuch flrokej, 
both Araight and curved, by lightening, or preHiiig, the handt 
according lo the occafion. And whett the defigii is finillied, 
if any fcraidics or ftlfe ftrokes appear in any part of the 
plate, they miift be taken out by the bLirnidier. 

In order to prefervea dueemiahty in the work, the prin- 
cipalobjcfls of the deiign fliould be lletcbed out, before 
"any of them be finiftied. In working with the graver, the 
firukes fliould never be croffed too much in the lozenge 
maimer (particularly in reprefeuiing the flelh of the human 
body), except in the cafe of a cloud, waves of the fea, the 
(kins of animals covered with hair, or the leaves of trees, 
where this method of crol&ng may be admitted. la the dif- 
polilion of the ftrokes, the aifiion of the figures, and the 
difpofition of their parts, (liould be confidcrrd; and alfo the 
manner in which they advance towards, or depart from, the 
tye of the obfervi-r. The gravtr (hould be fi) guided, as to 
fliark the rifing or cavities of the mufcles, making the ftrokes 
wider and /aimer in the light, and clofer and bolder in the 
fiiades. Thus, the band ftiould be lightened in fuch a 
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by iwrpendiciilar ftrokes. When a grofs flroke is made, it 
fliiiLiid be at rigtii ungles, and wider and ihinner liian the 
firft (Ir-kr. In engraving mountains, as there are fliarp and 
crrfgi',\ objefts, the llrokes fliould be freqviendy broken; 
thrt I'lOiiM alfube ftraight, in ihc liHten^e manner, atid ac' 
c<>iTi|j3iiii\i with long points or dots. Rocka have fomecrofi 
flroKea in them m -re fquare and even. Diftant objefls to- 
warils tne horizon are very (lightly ihaded, as in drawing. 
Cahn, ftill wafers fliould be rcprefenied by ftr.iight flrokes, 
parallel to the horizon, and inierliried with finer ftrokes ; 
omitiing thofe plates wlicie Che li^ht cnfisa (liining refiec- 
don : and the forms of objefts rcflefled from the water at « 
fmall diftance upon it, or on the banks of the water, are 
exprclTvd by the fame ftrokes, retouched more ftrongly or 
fciniiy, as it may be neceiTsry : agitated waien, aithe wave* 
(rftlie r«i, have the tirft (irokcs in the figure of the wave*, 
and arc interlined 5 and ihe trofs Orokes (liouid be very lo- 
zenge. The lirll Ilmkes in cafcades {liould follow the fall 
of the water, and be interlined. In clouds, thnt appear 
ihick and agitated, the graver mnft be turned every way, 
pccording to their form and agitation. In dark clondit, 
where two ftrokes are necefiiiry, tliey fliould be crofled mure 
lozenge than the figures, ant) the fecond ftrokes Ihoiild be 
rather wider than the firfl. The Hat clouds, that are infen- 
fibly loft in a clear iky, fliould be formed by ftrokr-i parallel 
to the horizon, but a little waving; if fecond flrukcj be 
required, they ftioiild be more or Icfs loienge, and fliould be 
fa lightened at the extremities, as 10 have no outline. The 
flat and clear fl^yis reprefented by ftrokes parallel andper- 
feaiy ftr^i^ht. 

Ill all biidfcapes, in general, the trees, roeks, earth, and 
herbage fliould be etched as thuch' a» puftible, leaving no- 
thing to be done by the graver, but the perfcfting, foften- 
ing, and ftrengtiieuing. And nbfcrvt, mice for all, that the 
drv needle produces a more delicate effefl, and niay be ufed 
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be iieatly imitated, if a piaie be provided for every colour. 
And if it be well done, it will form fiich a good decepcJont 
that an able connoilTeur cannot, Trom the firfi infpeAion, 
di'^lDgutfti between the original drawing and the engraved 
imitation; therefore, this mode of engraving is very ufeful 
to muliiply co[>i« of drawings left by aucient artifli who 
excelled in theufe of chalks. 



OP ME2Z0TINT0 AND AQ0A-TINTA SCRAPINQ. 



Me^iotinto prints have no hatches, orftrokes of the 
graver; but the lights and tliades are more blended together 
than in etchings and engravings, aad appear like a drawing 
of India ink. 

This art is of late invention, but is greatly ufed, and is 
Bdmired for the amazing eafc with which it is executed, 
particularly*)' perfons who are deficient in drawing. 
, The ():incipal tocls iifed in this art, befiHes thofe ufed iti 
etching and engraving, are the grounding tool atid the fcraper. 

General D'lTeSiionsfur laying the Mezzfilinto Ground. 

Leave a fpace upon the bottom of the plate for the vritin^, 

coat oF arms, Sfc. then, Uyinztheplatcupon a fuecc uf fwan- 
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where there is not to beany (hade, are to befoftened or rubbed 
down with the burnifher, olherwife thefe parts will not ap- 
pear clear, when ihe work is proved. 

There is alfo auorher method, iifetl by mezzotinto fcrapcrs : 
which is, to etch the outlines of the original, wiih all the 
felds in the drapery, &c. marking the breadths of the fliadows 
by dills ; then htv'uig iifnl the aqua-fortis, as in etching, and 
the ground being taken off the plare, the me7zotimo ground 
is to he laid, and the work finifhed by fcrapiiAg, as above. 

When ihe work is to be proved, it h neceffary lo have fome 
French paper, which has been wetted down four or five days, 
as no other paper will do for this (vork, and it is iiecefTary 
for it to lie wet that length of lime. A proof Js then to be 
taken nf the plate; when the prnof is dry, correft it, by 
touching il with white chalk, where it fliould be lighter; 
and with black chalk, where it Hiould be darker. In re- 
touching the plate, proceed as before, where it fliouId be 
lighter, by ufing the fcraper; and where it Ihould be darker 
ufe a fmall grounding inol, as much as is thought necelTary 
CO give it iis proper fliade. Then it is to be proved ag^^in, 
and again corrected and retouched ; and thus proceed to 
prove, and retouch it, till it be finilhed. 

It is to be obferved, thai the work fliould be proved the 
firft time, before it is the leafl over-fcraped in'any part; as, 
by this caution, it will appear more elegant ; for the fmall 
grounding tool, which is ufed to deepen any fliadcs that arc 
o%-er-fcraped, generally gives the work a coBife appearance. 



0/ jiqjia-t'mla Scraping. 

Aqua-cinta is that method lately Invented of etching, by 
which a foft and btauiiful Ihade is given, refembling a 
drawing in water colours, or India ink. 

The principal operation is as follows : the etching ground 

is to be laid on the plate, as in common etching, and the out- 

3 1 a Ivnes 



1 
I 




\ 



OP DBA WIN O. 



429 



as requifite, with ihe IlI^edle or poiiic, by fli[!]]tmg with dots, 
and biting up thofc parts; ur by a rulling wheel. 

The foregoing method will uuly ferve for prints of one 
tingle tint. When different colours ate to be CJiprefleJ, there 
muft be as many different plates ; each piare having only that 
part etched upon it, which is defigned to be charged witi) its 
proper colour, uiilefs (as fomCtimes happens) fome of the 
colours arefo diftant from each other, as to allow the printer 
room to fill them in with hi) rubber, without blending them ; 
in which cafe, two or more different colours may be primed 
upon the fame plate at once. When differcni plates are re- 
quifite, there muft be a feparate one, having a pin in each 
corner, Ic ferve as a fole or botronri to the aqua-tinla plates ; 
and the aqua-tinta plates muft be exaftly fitted, having each 
a fmall'hole in their corners for polling over the pins of tlie 
fole; the pins retain the plates in'their due pofiiion, and 
aJfo direfi the printer in placing the paper cxaiftly on each 
plate, fo as not to fliift ; by which means each tint or colour 
will be exaiftly received on its proper pbcc. This is the 
method praiftifed by the Paris primers. Some fubjefls, bow. 
fver, fuch as landfcapes, may be printed oif ato'ice in the 
different proper colours, ty painiing thefe upBn i|»e plate. 
Here the tolnnrs muft be pretty thick in confiftence, and 
(he plale carefully wiped In the ufiid way, after laying in 
each lint, as well as wiped in general, when it h charged 
with all the tints. 

In aqiia-iinta plates, it muft be obfcpFC*!, liiat the afp!ia!. 
turn and refin mnft be finely powJcrrd, and well iinorporaled 
together, before ihey be fifted on trie plate ; for ihis purpofc, 
it is necedary to fift each of them thrim-h a fine mullln 
fieve, lifting firft a layer of one on a llieei of paper, and 



then a layer of the other ; proceeding in this t 
whole be finely (ifieil, and well incorporated t 
This art has been hirherlo kept a^ fecrct a; 
a ftriit attention to what has been delivered 1 
practitioner to 6nl(h his plate with fticcefs. 
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(iake white and white lead fliould be wholly avoided, as ihe 
flighteft touch with either of thefe will always turn black, for 
thcfe whites will ftand only in oils. Therefore, when white 
is required, 1 wauld recommend the fludent to make ufe of 
common whiting, prepared in the following manner : — 

Put fome whiting in a Urge vtffel of water, mixing them 
well rogether; when this has Hood about hnlf a minuie, 
pour off the water into atioiher velTcl, and throw the gritty 
fettiment away ; after this water has icftcd about a mitiule, 
pour it off a! before, which will purify the whiting from all 
dirt ailil gritiincls. Tliii being ijone, let the whiting fettle, 
and pour the remainder of the water from it; after which 
lay it on the clialk to dry, and when dry, it wiH be fit for 
ufe ; either for making white crayons, oi for preparing tints 
with other colours. And, Nou, if the ftudeiit make the 
crayons of the whiting immediately afier it is wafliedj it is 
not necetTary to drj- it on the chalk ; for it may be mixed 
with any other colour inftantly, whereby much trouble will 
be faved. All coloun of a heavy or gritty nature, particu- 
larly blue vcrciitcr, muft be waflied in this manner. 

The ftudent miift be provided with a large fie>ible palicl- 
linife, a large ftonc, and muller, to levigate the colours ; two 
or three large pieces of chalk, having large fmooth fviriaces, 
lo abforb the moiiiure from the colours, after they are levi- 
gated ; aiid a piece of flat glafs, to prevent the moilture fi^om 
being abforbed too much, till the colours are rolled into 
form. Thefe implements being provided, the liiideut may 
proceed to form his crayoin from the following colours ; 

RtJi are formed either from carmine, lake, or veimilion, 
or a compofiiion of two or more of them ; though it mull 
be obftrved, that it is difficult to procure either good car- 
mine or lake t good carmine is inclined lo the vermilion tint, 
and (hould be an impalpable powder: a good lake fltottld' 
incline to the carmine tint. 

The carmine crayool are prepared by mi«iiiga fliffideni^ 

quantity of gnod carmine with fpirits of wine with the levi- 

pting 



I 
1 




r 



OF DRAWINO. 



Lake crayons are fomewbat difficult to form, 
C(f the harfhnefs u/ the lake, therefore the (hident fhould ob- 
lervc the following rules in iheformaiionof thefecrayons; — 
Take about half the quantity of the lake intended for the 
crayons, and grind it very fine in fpirits of wine ; when dry, 
pulvenze it ; and take the other lialf, and grind it with Ipirits 
of wine ; after which, mik it with the pulverized lake, and 
lay it out dircftly in crayons on the chalk : this colour will 
not bear roiling. The fimple colour being thus prepared, 
proceed with the compound crayons, as before dircfied in the 
carmine crayons, and in the fame degree of gradation. 

Vermilion crayons are formed by mixing the vermiUoa on 
the flonewitb the fpirits of wine, or even foft water; after 
which it may be rolled into crayons. The different tints are 
produced by mixing the Gmple colour with whiting, accord- 
ing to the proportions given in the carmine. And, Nete, that 
thcfe crayons will fometimes be fo foft, that they cannot be 
held in the fingers, but will break, and return to powder: 
which may be remedied by mixing the colour with fome 
thin water-gruel, well flrained, which wfll give it fufiicieikc 
cohelion. 

Bluei arc formed of PrufCan blue, and b!ue verdiier. 

Pruffian blue crayons are formed in the fame manner aj 
the lake crayons : but as the I'rufliau blue is very apt to bind, 
it is fomewhat more difficult to be foftened thaa either lake 
oi carmine. It is necelTary to grind a large quantity of this 
colour, as it is chiefly ufed in draperies. The different tints 
may be made according to the fancy of the painter. 

Blue verditer crayons are fomewhat more difficult to form, 
on account of the coarfe gritty nature of the verditer, which 
requires fome binding mailer to unite it, otherwife it will 
never adhere together. Therefore, to a quantity of blue 
verditer, fufficient to form two or three crayons, mufl be 
added a little fiftcd plader of Paris, about the lize of a pea : 
tbefe are Co be mixed wcU together, and the crayons formed 
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particularly in the ii^n green oneS| which will turn black 
on the piflures, if theieaft dampcome to ihem: though the 
dark colours will remain perfect. 

In order to difcover whether there be any Hake vhiie in 
the crayons, the foilowirg experiment may be mode i bavi&g 
bniifed the crayon to a powder, mix ic with an equal quan- 
tity of charco.il dufl ; put the whole into a crucible, wbich 
mufi be placed in a fierce fire til! the chartoaj dull be con- 
fumed 1 and a the crayon have any fjahe while tn it, the lead 
will return to its original metallic itaie. 

Bitmnu are originally produced from Ciillen's earth, or 
timber. 

CuUeii'^ earth crayons arc of a fine dark browo, and 
leveral rich tints may be prodtiCed from a mixtnre of ihk 
colour wEth carmine, in various degrees: alfo, this colour 
mixed U'itl) black and carmine, makes ufeful tints for paiirting 
(be hair. Several gradations may be made from each of ihefe, 
by a tntxCure wiitt whiting. Roman and brown ochre alfo 
fojffn an excellent colour, either mixed togetheC, or com- 
pounded with carmine. Whiting, tinged in feveral degrees 
with either of thefe, will prove very ferviceable. Comtnon 
fca-coal, ground to a fine puwder, and mixed vlth carmine, 
forms a very fine brown. 

Umber crayom are formed in ibe latne matiner as the 
above ; but it is necel&ry to levigate the nnber with fpiiiCG 
of witic. 

PuifiUi arc formed by a mixture of blue and red. Guod 
purple crayons may be formed with FrulTian blue, ground 
with fpirits, and mixed with pulverized lake. Alfo PnifUan 
blue and carmine produce a deep purple of an excellent hue. 
From eitlier of cliefa compounds various rinrs may be made, 
by a mixture witli whitiiig. 

Blaci ciaymi are formed of lamp black, as no other full 
- blacfe can be ufcd with fafety, all others being fubjeft to 
mildew. But as lamp black is liable lo great adulteration. 
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too wet it mu(t be laiJ upon the clialk again, lo abforb 
more of the moifhire. They (hutild be rolled as quick at 
poffible; and when £nifhed, mufl be laid upon ihe chalk 
again to abforb the remaining moiflure. When all the 
crayons of one colour are formed, the chalk and grinding 
Hone ftiould be well fcraped, and waftied with water, before 
they are ufed for another colour. 

When a fet of crayons is completed, they Ihould be 
ranged in fome thin drawer, divided into a number of par- 
titions, and difpofed according to the feveral gtadaijoas of 
light. The bottom of the partitions fliould be covered with 
bran, to preferve the crayons clean, and prevent them firoin 
breaking. 

The box in which the crayoai are placed for ufe, and 
which (bould be held in the lap when the {indent paints, 
fhould be about a foot fquare, having nine parthiuns. In 
the upper corner, on the left hand, the bbck and gray 
crayons are ufually placed, as they arc the raoft feldcun ufal ; 
in the fecond partition are placed the blues ; in the tbini 
the greens and browns; in the firft partition, on the lefl 
hand of ihe fecond row, the carmineg, lakes, vermilion*, and 
all deep reds are depofited ; the yellows and orange are in 
the middle partition; and in the ne« are placed the pearly 
tints, which, being of a delicate nature, mud be kept very 
clean, that the different gradations of colour may be eafily 
diftinguiflied : in tht laft row, the firft partition contains a 
piece of linen rag to wipe the crayons with, while they are 
ultng ; the fecond partition holds the pure lake and vermilion 
lints; and the laft partition contains all thofe compounded 
tints, which cannot be clafled with any colour. 

Dire6lions/or the Artifi. 

To arrive al excellence in this art, the ftudent Ihould be 
as particular ki the outline of the wfork, as in the difpofal 



when the fubje^ la be inil»ted is ia oils; but if it be a 
crayon piAure, the foUowiiig method mu& be \iCed, oa ac- 
COTint of the glaft. 

Tlie picture being placed upon tbe efel, draw all the out- 
llues upon the glafs tvi[b a fmall camel's Jiair pencil, dipped 
in Like, ground very fine in otlt ; tlien take a ilieet of paper, 
and place it un the glafs, nroking over all ihe lines with the 
hand, by which mean? the colours wUl adhere to the paper, 
which is then to be pierced with pin-holes pretty clofe to 
each other in all the outlines. The paper ijiiendcd for ihe 
drawing is the;i lo he laid upon the table, and the pierced 
paper to be laid upon it; iheci, with fome fine powdered 
charcoal, tied, up in a picxe of lawn, rub over all the pierced 
outlines, wliich will give an exaft outline of the piece, upon 
the paper under it. This is not to be brullied oft till the 
whole is drawn over with fltetching chalk; which isaconi- 
poUlion made of wluring and tobacco-pipeclay, rolled like 
a crayon. 

But'when the tiudent paints immediately from lif^ it H 
bill to make a correfl drawing of the outtjnu on another 
paper, which he may trace by the iirft method : for if there 
be any felfellrokes of the (ketching chalk, they uill prevent 
(he crayons from adhering to the paper. 

The fitting pofture it the moft proper for painting with 
cnyons, having the box of crayons in the hp. That part of 
ihepiAure which the Audent k at work upon, fhouM be 
below his £ace ; for when it is placed too high, it will fatigue 
the arm. The windows of the room, in which the artift 
workt, fhould bedarketied tothe height of fix feet from the 
ground, and the fnbjeft to be painted fliould be lititated is 
filch a manner, that the light may fell on (he tace to the 
peatefV advantage, avoiding too much lliadow, which (eldom 
has a good e(ft£t in this kind of pointtng, particularly if the 
face have much delicacy. 

In painting, as well as drawing, the fiudettr ctnnot be 
too nttentive to tbe fubjeft i he muft alfo learn to appro- 
priate 
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Whatever colour the iris of the eyes is, the eyes miift 4)e 
firll drawu with a crayoo, inclined to the carmine tint; the 
colour mud be laid iu brilliant at drA, and executed lightly, 
not meddling with the pupil yet. The light of the eye 
fliould incliae very much to the blue caft ; for if a ftaring 
white appearance is once introduced, it can feldom be altered : 
abroad fliadow fliould alfo be thrown on the upper part by 
the eyelafli. The eyebrows Qiould be executed at firft like 
a broad glowing ftiadow, on which is to be painted, in the 
finifhing, the hair of the eyebrows, by which the former 
tints will (how ihemfelves through, and produce a pleafing 
efteft J but a black heavy tint is always to be avoided in firft 
forming the eyebrows. 

The lips Hiould be begun with pure carmine and lake^ 
(hading them witli carmine and black, and laying on the 
(Irong vermilion tints afterwards. Great caution ts necef- 
fary to aToid fliff, harfli lines : each colour is to be gently 
intermixed with the neighbouring colour ; the fliadow be- 
neath (hould be broad, and enriched with brilliant crayons I 
The corner of the month is formed with carmine, brown 
ochre, and greens, variouily intermixed. If the hair be 
dark, it is neceffary to ufe a good quantity of the lake and 
deep carmine tints therein, which may be eafily overpowered 
by the warmer hair tints, and which, as in the eyebrows, will 
produce a richer eifeA when the piece is finiQied, than if the 
lake and carmine be negle6tcJ. 

When the ftudent has dead-coloured the head, he is to 
fweeten the whole together, by rubbing it over with his 
£nger, beginning at the llrangell light upon the forehead, 
and pal&ng his finger very lightly to the next tint, to unite 
them together ; which he mull continue to do, till the work 
is fweetened together, frequently wiping his finger on z 
towel, to prevent fullying the colours. In this procefs the 
Qudeat mu ft be careful not to fweeten his pifhire too olten; 
as thai would produce a thin and fouity eifrft, and the piece 
would tare more of the sppeanoce of & drawing than a folid 
. VOL. II. 3 1. painting. 



II 



» 



I 



OP DRAWING. 



s requj; 



fimple 
ibjeft in the piece ; 
the back ground of a pic- 



the beauty of the foce. This i 
back ground, where ihere is t 
but more atientioii is reqiiiretl 
ture ivhich has fe«eral objcife. 

A great »arim- of colours areufcd for back grounds; bu 
cbey fhould always beiiiimj to ihccomplexioa of tbeG<;i)re. 
A ftrong-co loured htad generally flioultt have a weak muI 
tender-tinted ground ; ajid, on ibc contrary, 3 delicate com' 
plexton reiiuire^ bong and powerful tirus in ikegroiitu), by 
wkicfa proper coniiail between the figure and the bock 
ground, the piAurc receives great forte. 

But when&veral objctSsare inlEoduced;int 
hills, trees, buildings, &c. the genrt«i rule 
is, tbat eadi grand obicift be difpofed fo, as 
atber, not mereiy in thdr forms, but ii 
Ihade, &C. For r.Mmple; fuppofe 



^ 



to be obfrrved 
ocntitraftCBcti 
n ih«r colour, lighr, 
I the pieces 



receiving the ftrongefi light, a,nd behind this ligur-e, and 
near at hand, fuppole there be ftcms of feme iargr ireea-, 
thcfe ftems tnufi have lliade thrown over them, eiiber from 
a driving cbwd, or fome other intPTpofiBg objeft; britinit 
thafc ftcms or trees, and ara dillanc^ fuppofe there arc feen 
trees on a rifing ground ; thefe again (liouid. peccivethe light, 
wbeoeby they will' ferve aa acontraA to the former; and the 
fane cnay be obferved in all other cafes. The lame rule 
hold* good in an artJiiteftural back ground ; as, fuppofe a 
building at a moderate diflance, and behind this building-, 
the figure which receives the light; acolumr, orfome other 
objcft in the (hade, intervenes to prelerve proper decorum 
iu the piece 1 or, wiiar will have the fame efFeA, a fliodoi* 
may be thrown over the lower part of the building. In a 
ward, it muft be remembered, thai the light m»ii be always 
placed againll tiie dark, and the weak againft the ftrong ; and 
vic^vtr/ay in ordcE to produce force and effoft. 
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In finifliing the complexion, the ftudent (bould be par- 
ucularly attentive to Nature herfelf: for whoever carefully 
examines a clear and tranfpareni (kin, will difcover a pleafing 
variety of coloiirs nn the furface, and difcernible, through 
it, which will begreaily increafcd by the efFeA of light and 
fhade ; one part will appear to incline to the vermilion, 
anotlur to the carmine or lake, one to the blue, another to 
the green, and another to the yellow, Scq. Now, in ordtr 
to produce thcfe effe^s, a good artill will apply ihole colours 
correfponding to the tints, ufing, as often as he can, the 
compounded colours, inftead of the fiinple colours: as, blue 
and yellow, intlead of green, blue and carmine, inflead of 
purple, and red and yellow for orange. In all other citcutn- 
fiances the compounded crayons already mixed (hould be 
ufed ; but in this cjfc; no abfolute rule can be given ; the 
fuccefs of the piece depending upon the experience and dif- 
cretion of the artift. And, obferve, that it is impoflible to 
give any fet of rules for forming the complexion, that will 
hold in every cafe, the circumftancei that require different 
treatments are fo many and various i hut great advantage will '■ 
be derived, in the commencement of thi? art, by an able 
mafier, to direfl the fludent, and point out the deformities 
and beauties of a piece, as they occur in praftice i which, 
to 3 good capacity, will foon become clear and intelligible. 

In Snilhing the checks, life the pure lake tint, which will 
clear ihem from any dull they may have contrafled from the 
ciher crayons, mixing with the lake fome bright vermilion; 
and la (I ly, {if the fubjeft require it,) give a frw touches of 
the orange crayons, but with great caution. This being 
done, fweetcn the part with (he finger as lighily at poflibte, 
left it produce a heavy difagreeable effeiS on the cheeks ; for 
the only method of imitating a beautiful complexion, confiflj 
in one colour (bowing it felf through, orrather between, other 

The eye is nest to be executed. This is generally found ■ 
the mod difficult feature in the fcce, u every part mull be 
exprcflnl 
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complrtdy correft : and inthefinifhing, have a little of the 
fVroiig vertnilion ; but with grc3t caudon, as this colour it 
Tery pretlominant. This colour, if proi^eriy ufed, will give 
ibe lips ail appearance equal, if noc fuperiar, to thofe exe- 
cuted in oils, nolwithftanding the great advantage the latter 
have, by glazing, of which the former Is dertitute. 

In painting the neck, the ftudent fliould cafefuU}' avoid 
giving too tnuch ciipreffion to the mufcles, in tiie ftem ; and 
bUo be careful that the bones appear not too prominent on 
Ac cbeft, as either of (hem has an unpleafing cffcft, and 
denotes a violent agitation of the body, which is feldo[» 
neceflary in portraii- pain ting. The mofl necelTary part to 
be exprelTed, is a ftrong markingjuft above the place where 
the collar-bones unite. This (tiould always be exprefTed even 
in the moft delicate fubjefts ; and if the head be thrown 
much over the flioulden, the mufcle that rifra from behind 
ihe ear, and h inferted into the pit, between the collar- 
bones, ftiould be faintly tnarked. But, in general, all infe- 
rior muftles ftiould be quite avoided, and not noticed. Manjr 
anifis, in the portraits of thin perfons, tnark the mufcles of 
the neck too evidently. The neck fJiould, in general, have 
a fmall addition to the length, as few necks are' too long; 
and nothing k more ungraceful than a neck too Ihort; the 
flem of the neck (hould have a pearly hue; and the light 
iliould not appear too llrong upon the cheft. The breaft 
alfo (if any part appears) fliould be exprefled by pearly linU, 
but Wended with beautiful vermilion ia the upper part 
thereof. 

Of Drapery. 

The drapery, by many young artifts, is thought to require 
very little attention; but this is an egregious miflake. An 
eminent painter being aiked, what part of the piflure he 
thought the moft difficult to execute ? he anfwered. The 
drapery:— and the befl judges of the an have univerfally 
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SECESSARY. RECEIPTS FOR THOSE WHO PAINT IN 

WATER COLOURS. 



To make Gum IVcUer. 

Dissolve one ounce of pure gum-arabic, and half an 
ounce of double-refined fugar, in a quart of fpring water : 
drain it through a fine iieve, or pfece of fine muflin, and 
bottle it up for ufe, to keep it from the du(L 

Or, fecondly, take fome of tlie whiteft fort of gum-arabic, 
bruife it, and tie it up in a piece of woollen cloth ; and fteep 
it in fpring water till it be difTolved. If it be too flifF, add 
more water ; and if it be too thin, more gum. 

With tliis water, mofl of the colours are to be mixed ; and 
in fuch a proportion, that the colour may not rub off, when 
dry. If the colour fliine, it is a fign there is too much gum 
in the water. 
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NECESSARY RBCBIITN FUR T1I08K WHO PAINT IN 

WATKR COLOURff. 



To make Cum tydicr. 

Dissolve one ounce of pure gum arabic, ami iiall an 
ounce of double-rrfinrd ftigar, in a rpiiirr of i\9rUiyt^ w^m i 
ilrain it through a fine fievfi or \nct;c oi finr niunin, ntut 
bottle it up for ufe, to keep it (nmi the (hirt. 

Or, fccondlr, tnkr fotne of llic wliitcH inrt tii y^utV'At^Wn ^ 
bruife it, and tie it up in a ]nnv of wonlkn il/;th} nod /kr|# 
it in fl>ring water till it be dUndvnl. It it br fio Oiff', M 
more water; and if it be too tldif, rnorr yunu 

Withtiiis Witter, rnoft of thr tohmnttrf fo \ir rnixH; 4tt*l 
in fuch a pro|>ortioii, thnt the colour rr^y fiM ru\t *M, -x^hMi 
dry. If the colour fbinr, It hi\ U'^u th'f )•; to// utw U %um 
in the water 
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cr. This will prevent ihe colours from finking, alfo 
give ibem an additioiul beaury and luilre ; and likewife 
pwfcrve them from fading. If ihe paper is not gw)d, it 
(bould be wafbed three or four iime> with the water, drying 



To make Size for painting Scenes, or other Candle-light 
Pieces, 

When the colours, mixed with gum water, are laid upon 
any furlacc, they arc apt to produce a glare by candle-light ; 
to prevent which, the colours fitould b* mixed with the 
following lizc, while ii is warm : — Steep a quarter of a pound 
of the cuttings of white leather for fome time in water j or 
for the fpace of two or three days : then take tiiem out, and 
boil them in three quarts of water, till it be confumed to 
one pint, and ftrain it through a cloth. If it feel firm 
tiiider your hand when it is cold, it i$ a (ign it is of a fulH- 
cicnt lirengtli. 
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To lay Mezxotinlo Prints upon Cla/s. 

Having a clear plate of glafs, as ftraight as pnllible, and 
a little larger than the prim to be laid upon it, foak the 
priiit in warm water for about an hour, and wiih a thin, 
ilexible pallet knife, fpread fome VcniL-e turpcnrine, or good 
varnift], rery thinly and evenly over one fide of ihe glafs, 
■obferving to keep the glafs warm, that it fpread the 
better, and taking care that there be not the kaft fpeck in 
the glafs uncovered with the turpentine; iheu lake the print 
out of the water, and fj>re3J it Ijctwecn two cloths, or fc- 
veral folds of foft paper, in order to abforb the fuperfluous 
water. Ni\t lay the print mi the ^afs by degrees, beginning 
at one end, anrf flroking ou:n*ard that part which is faliened 

3M 2 » 



Toget the Colours out of Ike Bladders. 



Prick a fmall hole 

they are apt 'o fpoil. 

With thefe colours any tint; 
cxaftly imiiaicd, by the different 
tbnr, accortjing to Judgmenc. 



icar the bottom, and prcfs the bladder 
for prefent ufe, for if ibcy ftand open 



r ftiadw whatever m 
aysaiid inethods of O 
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To ufe the Colours.i |-- 






The ligliier colours arc to be firft laid on the lighter <iai« 
of the print, and the darker colours are aevt laid over the 
fliaded part, and in the regular order in which the (hadei 
deepen ; for when the brighter colours are once laid on, it 
is not material if the darker colours be laid a little over 
ihem : as the colour firfl laid on will always hide ihofe bid 
on afterwards, The colours are not to be laid on too thick: 
and if any of them be too tliick in confiftencc, they Qiould 
be tbinneii, before they are ufcd, with a little oil of tur- 

If any of the colours be too ftrong, or dark, they may 
be lightened to any degree, by mixing more or lefs while 
with them on the pallet; or if they be too light, they may 
be darkened to any degree, by mixing them with a deeper 
Aiade of the fame colour. 

N.iif. ft is neceflary to have a pencil fnr cacli colour; but 
that pencil which has been nfrd for green fliould never be 
tifed for any other colour, without firft wafliing it well with 
oil of lurpeniine, as green will always appear predominant 
when the colours are dry. And it is alfo neceflary to wafli all 
the pencils in oil of turpentine after ufing them. 



To make the Maftk Farntjh, 

Pur two ounces oi the cleared gum maflic, finely pow- 
dered, inio a boiile, wirli fix ounces of oH of turpcitiine: 
flop the bol[lecljfc, and fliake them well together, in order 
to incorporate them with each other. Then h»ng the bottle 
iu a veKi\ of boiling water for half an liour, raking it out 
three or four times to fliake it- If it be neceflary to make 
tlie varriifli lirongcr, il may hKog a quarter of an tiour longer 
in the boiling wjier. 
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To make Camp Paper, with which a Perjbn may urtte 
or draw, without Pen, Ini, or Pencil. 

Mix fome liard foap with lamp-black antt water, into the 
coiififtcHcc of a jelly ; with this mixture bnifii over one fide 
of the paper, and let it dry. When yoti ufe the paper, put 
it between two (heels of clean piipcr, with its black fide 
downward? : then with a pin, a flick, or any other fubflance 
with a fliarp point, draw, or write upon the clean paper; 
and when; the point has touched, there will be the imprtf- 
fion upon (lie loucrmoft Ihcet of paper, as if it had been 
drawn or written with a pen. 

This camp paper may be made of any other colour, by 
mixing the foap with different colours. 

By this paper alio any print or drawing may be exaftly 
copied, by laying it under tlie fame, and tracing the out 



To prepare a Plafter Mould fo as to take on btpr^ffim 
from it. 

Having prepared a plaller mould, accordiof to tbc fore- 
foing receipt, and letting it be quite dry, dip il ia the fol- 
lowing mixture; half a pint of boiled linfccd oil, and one 
Wince of fpirits of turpentioc ; ihefe ire to be mixed well 
together in a bottle, and when wanted, the furfice of the 
mould is to be dipped into it, and then fulfered ta dry. 
When the mould lias fucked up the oil on its furface, it is to 
be dipped again in the oil. This operation ti to be repeated 
till the mould will imbibe no more oil, and the oil htpm to 
flagnate upon it ; then, with a little carton wool, rolled Up 
hard, wipe all the loofc oil off the mould, and put it ia i 
iry place for a day or two, to dry, and the mould will acquire 
a very hard furface from the cffcft of the oil. When it is 
to be ufed, it mufl be oiled with oil of olives, in the lame 
manner as before directed. By thele two methods, any medal, 
feal, or impreflion, may be fo enftly imitated, that the new 
medal can fcarcely be diflinguiihed from the original. 

The Method of cajling Brimjhme, and of givl^ it « 
metallic Ghfs. 

Melt fome flone brimftone over the fire, in an iroa ladlC) 
and let it ttame for about five or &\ minutes, then take it off 
the fire, and extinguilh the flame, by covering the mouth of 
the ladle with a piece of board ; when it u a little cool, fo 
as not to feel gluey, or run ropy, it is then fit for ufe, and 
may be poured into the mould, in which it Ihould liand fire 
or fix minutes, and then be taken off; part it as before, and 
rub the furbce of the impreflion uver with fome cotton and 
the bell black lead in powder, which will give it a very fin* 
metallic glofs. 
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